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PEEFACE  TO  THE  FIFTH  EDITION 


A  SLIGHT  delay  in  the  publication  of  this  volume  is  due  to  the  lament- 
able death  of  Dr.  Julius  Lewkowitsch,  which  occurred  within  a  few  days 
of  the  appearance  of  the  first  volume  of  this  edition  of  his  Chemical 
Technology  of  Oils,  Fats,  and  Waxes. 

Such  delay  as  has  been  unavoidable^  owing  to  reorganisation,  has 
not  prevented  the  work  from  being  issued  in  as  new  a  form  as  possible  ; 
on  the  contrary,  it  has  given  scope  for  the  addition  of  the  most  recent 
data,  of  which  due  note  has  been  taken,  even  up  to  the  eve  of  publication. 

Dr.  Lewkowitsch  had  collected  and  annotated  a  very  large  amount 
of  new  material,  including  many  personal  observations  of  recent  date, 
for  incorporation  in  the  second  and  third  volumes. 

It  has  been  my  privilege  to  edit  these  notes  and  bring  the  Work 
up  to  date,  following  on  the  lines  laid  down  by  the  author  so  far  as  lies 
in  my  power. 

My  long  association  with  Dr.  Lewkowitsch  in  his  analytical  practice, 
extending  over  a  period  of  seventeen  years,  has  rendered  the  work  a 
labour  of  love,  and  in  the  preparation  of  this  volume  no  effort  has  been 
spared  in  order  that  it  may  present  to  the  public  a  standard  of  com- 
pleteness and  excellence,  which  the  author  himself  would  have  approved. 

Notwithstanding  this,  it  is  only  too  probable  that  errors  of  omission 
have  occurred  and  mistakes  have  crept  in,  and  I  shall  be  grateful  to 
readers  who  will  be  so  kind  as  to  point  out  to  me  any  such  errors  as  may 
come  under  their  notice.  It  should,  however,  be  borne  in  mind  that 
considerations  of  space  and  the  desire  not  to  render  the  volume  too 
unwieldy  have  necessitated  a  very  strict  censorship  over  the  available 
matter. 

The  physical  and  chemical  characteristics  of  oils  and  fats  in  com- 
mercial use  have  been  somewhat  modified  during  the  last  years  owing 
to  improvements  in  preparing  and  refining  the  natural  products.  For 
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this  reason,  some  of  the  older  figures,  pubHshed  in  the  last  edition,  wHch 
obviously  referred  to  badly  refined  or  highly  rancid  specimens,  have 
been  eliminated. 

Owing  to  the  continuous  search  for  new  oils  and  fats,  especially 
for  edible  purposes,  the  sources  of  supply  are  being  widened,  and  some 
data  regarding  a  number  of  Uttle-known  oUs,  which  may  in  the  future 
prove  of  commercial  importance,  have  been  added. 

Under  the  headings  of  the  individual  oils  and  fats  will  be  found  a 
large  number  of  hitherto  unpubhshed  observations  obtained  in  this 
laboratory. 

The  subject-matter  for  Vol.  III.  is  already  in  the  press. 

GEORGE  H.  WARBURTON. 


The  Lewkowitsch  Labobatory, 

71  Peioby  Road,  London,  N.W. 
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CHAPTER  XIII 


COMMEECIAL  PEEPARATION  OP  THE  RAW  MATERIALS  USED 
IN  THE  OILS,  FATS,  AND  WAXES  INDUSTRIES 

' '•j        Comraereial  Preparation  of  Oils  and  Fats 

Oils  and  fats  serve  the  human  race  as  one  of  the  most  important 
articles  of  food.  Hence  operations  having  for  their  object  the  prepara- 
tion of  oils  and  fats  date  back  to  the  remotest  times  in  the  history  of 
mankind.  The  cave-dweller  who  first  collected  the  fat  dripping  from 
the  deer  on  the  roasting-spit  may  be  considered  as  the  first  manufacturer 
of  tallow,  just  as  the  inhabitant  of  a  tropical  country  who  first  collected 
the  on  which  ran  off  the  broken  kernel  of  the  cocoa  nut,  on  exposure 
to  the  sun,  may  be  looked  upon  as  the  first  manufacturer  of  vegetable 
oils  or  fats.  The  technical  appliances  used  for  the  production  of  oils 
and  fats  range,  therefore,  from  the  simplest  contrivances  up  to  the  very 
elaborate  machinery  in  vogue  at  present.  Some  of  the  oldest  methods 
still  survive  to-day,  such  as  the  extremely  pririaitive  processes  employed 
in  the  production  of  palm  oil,  the  expression  of  olives,  the  boiling  out  of 
blubber,  etc.,  although  they  are  rapidly  being  replaced  by  modern 
methods.  The  first  supplies  of  vegetable  oils  and  fats  were,  no  doubt, 
obtained  from  fruits,  such  as  those  of  the  palm  and  olive  trees.  The 
oils  were  recovered  in  an  exceedingly  crude  fashion,  either  by  storing 
the  fruits  for  some  time  in  holes  in  the  ground,  when  fermentation  of 
the  mass  set  in  and  the  oil  rose  to  the  surface,  or  by  boiUng  the  fruit  in 
water. 

An  advance  in  the  manufacture  was  reached  with  the  expression 
of  oils  from  fruits  in  some  kind  of  a  rough  press,  exemplified  by  the 
packing  of  the  fruit  into  sacks,  and  covering  these  with  wood  weighted 
by  stones.  A  further  stage  was  marked  by  the  production  of  vegetable 
oils  from  oleaginous  seeds ;  these  were  originally  ground  up  between 
stones,  as  is  still  being  done  at  present  in  East  India.  The  latest 
development  is  indicated  by  the  processes  involving  the  extraction  with 
solvents. 

Since  oils  and  fats  are  obtainable  in  all  countries  of  the  world,  it 
will  be  readily  understood  that  even  the  crudest  and  oldest  methods 
are  still  in  existence.  The  detailed  consideration  of  these  modes  of 
manufacture  lies  beyond  the  scope  of  this  chapter,  and  the  reader 
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must  be  referred  to  tlie  following  chapter,  in  wMch,  under  the  heading 
of  each  individual  oil  or  fat,  such  processes  are  described.  ^Jor  is  it 
intended  to  give  an  exhaustive  survey  of  the  subject  and  to  describe 
in  detaU  the  more  recently  adopted  manufacturmg  operations.  We 
shall  therefore  only  briefly  glance  at  the  stages  by  which  the  most 
advanced  technical  processes  and  appUances  used  m  large  scale  opera- 
tions have  been  reached.  -i  x  j.  j-  -j^ 
The  processes  employed  for  the  production  of  oils  and  fats  divide 

themselves  natui-aUy  into  three  groups  :—  .    ,  -i-  ^^li 

(1)  Preparation  of  oils  and  fats  by  rendermg,  ^.e.  boilmg  out,  with 

water  or  steam. 

(2)  Preparation  of  oils  and  fats  by  exrpression. 

(3)  Preparation  of  oils  and  fats  with  the  aid  of  solvents. 

(1)  Preparation  of  Oils  and  Fats  hy  Rendering,  i.e.  Boiling  out 

with  Water  or  Steam 
A  survival  of  one  of  the  oldest  methods  of  veniexing  vegetable  oils 
and  fats  (still  practised  in  Central  Africa,  Indo-China,  and  some  of  the 
Sou/h  Sea  Islands)  by  heaping  up  oleaginous  fruits  and  broken  kernels, 
allowing  ^  contained  oil  to  melt  by  the  heat  of  the  sun  -d  collecting 
the  exuding  fat  (see  Chap.  XIV.  "  Carapa  Oil,"  "  Cay  Cay  Fat  )  is  at 
rrreseJrrepresented  by  the  system  of  preparing  Cochm  oil  (see  Chap. 
SlvfbyTorg  o^^^  the  sun-dried  or  kiln-dried  cocoa  nuts  with  water. 

since  for  a  process  of  this  kind  very  simple  machmery  is  requix-ed 
the  method  has  still  some  fascination  for  inventors,  and  even  at  the 
preseTt  day  processes  are  being  patented  having  for  their  object  he 
Chi-  out  of  fruits  with  water  or  salt  solutions,  so  as  to  facilitate  the 
X  ration  of  the  oil  from  the  pulp  by  gra^tat^on.    P-esse  ^hi 
kind  have  been  patented  by  Graham  and  Kellogg,   W.  H.  hesner  ana 

,^,7  f  ormrfy  a^inal  oUs  and  fats  were  obtained  by  heating 

.  ,  „„  nil  nr  fat  similar  to  that  wliicli  it 

1  The  heating  of  fat-containing  material  with  °  °^  jgoT  ;  United  States 
contains\a:  bei?i  patented  hy  Berli-r  (En| I  p,,ent 
patent  878,930  ;  German  patents  197, /^O,  ^uo,  v 

383,'231).  ,1,^0  000  3  prench  patent  357,329. 

2  German  patent  109,239.  p^ench  patent  345,849  ;  Acnnay  Gome/. 
4  French patent36.5  18/  ;  cp^alsoTmiq«en^^      J  „ 

de  la  Torre,  French  patent  403,01j  ,  Oliap.  ai 
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Continent  (and  even  patents  are  still  being  taken  out  therefor 
The  nuisance  which,  follows  in  the  wake  of  a  manufacturing  process  of 
this  kind  has  naturally  led  to  stringent  regulations  on  the  part  of  the 
sanitary  authorities. 

Even  the  practice  of  "  trying,"  i.e.  rendering,  the  blubber  of  the 
whale,  seal,  and  sperm  whale  (see  below)  on  board  the  whaling  vessel 
over  free  fire  has  become  obsolete,  and  the  modern  practice  is  to  deliver 
the  blubber  in  as  fresh  a  state  as  possible  to  the  whaling  establishments, 
where  the  oil  is  rendered  in  digesters  (see  below,  Chap.  XIV.  "  Whale 

oa," "  Seal  on "). 

The  rendering  of  tallow  from  the  "  rough  fat "  as  it  comes  from 
the  slaughter-house  to  the  rendering  establishment  is  nowadays  carried 
out  under  such  conditions  that  no  objections  can  be  raised  from  a 
sanitary  point  of  view.  The  simplest  and,  in  my  own  experience,  a  very 
effective  method  for  obtaining  tallow  for  technical  purposes,  is  to  place 
the  rough  fat  in  covered  lead-lined  vessels  provided  with  steam  coils, 
bottom  outlet  taps,  a  trap-door  for  charging  the  rough  fat,  and  a  wide 
outlet  on  the  top  through  which  any  offensive  vapours  that  may  be 
given  off  are  conducted  through  closed  pipes  to  the  chimney  stack  or 
fire  grate.  2  Hot  water  is  then  run  on  to  the  fat,  and  steam  turned  on. 
After  heating  for  a  sufficient  length  of  time,  the  steam  is  shut  off,  when 
the  clear  melted  fat  rises  to  the  top.  It  can  then  be  drawn  off  ready 
for  use  or  into  another  vessel  for  further  purification  (see  below,  "  Ke- 
fining,"  "  Bleaching  ").  The  animal  tissue,  etc.,  still  containing  con- 
siderable quantities  of  fat,  is  again  boiled  up  with  steam  after  a  few  per 
cent  of  dilute  sulphuric  acid  have  been  added,  whereby  the  cell  mem- 
branes are  "  cut,"  so  that  they  more  readily  part  with  the  remainder 
of  the  occluded  fat.  The  function  of  the  acid  consists  also  in  "  breaking" 
the  emulsion  formed  by  gluey  matter  and  fat. 

This  second  operation  yields  a  somewhat  inferior  kind  of  fat  as 
regards  odour  and  colour  ;  the  proportion  of  free  fatty  acids  is,  how- 
ever, not  increased  thereby,  since  dilute  sulphuric  acid  is  incapable  of 
effecting  hydrolysis.^ 

The  foregoing  method  yields  sufficiently  good  raw  material  for 
technical  purposes.  Therefore  processes  (patented)  involving  the 
melting  out  of  rough  fat  in  vacuo  are  an  unnecessary  complication  of  a 
simple  operation. 

Since  melting  out  of  the  rough  fat  over  free  fire  has  been  classed 
amongst  the  noxious  trades,  a  number  of  apparatus  have  been  designed 
m  which  the  tallow  is  melted  in  closed  vessels  under  pressure.  Such 
vessels — termed  digesters — consist  essentially  of  a  vertical  boiler  pro- 
vided with  a  false  perforated  bottom,  and  constructed  to  withstand  a 
pressure  of  several  atmospheres.  Live  steam  is  turned  into  the  boiler 
below  the  perforated  bottom  on  which  the  rough  fat  rests;  at  the 
elevated  temperature  the  mass  parts  readily  with  its  occluded  fat, 
and  in  a  shorter  time  than  by  steaming  at  the  ordinary  pressure.  An 

"  Cp.  German  patents  217,278,  223,.'')59  (F.  Wirth  and  L.  Wirtli). 
Cp.  French  patent  382,745  (G.  Talbot)  ;  cp.  also  English  patent  8397,  1912. 
Cp.  Lewkowitsch,  Jmim.  Soc.  0/iem.  Ind.,  1903,  73  ;  also  Vol.  I.  Chap.  II. 
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apparatus  of  tkis  Mud,  designed  many  years  ago  by  Wilson,  is  shown 
in  Fig.  1 ;  it  has  served  as  a  prototype  for  a  number  of  more  or  less 
complicated  digesters  now  in  use.  They  are  especially  employed  for 
working  up  the  residues  left  after  rendering,  at  the  lowest  possible 
temperature,  "  premier  jus,"  "  lard,"  etc.  (see  "  Edible  Fats,"  p.  31, 

and  Vol.  III.  Chap.  XV.).  .  ,    . ,  vt.  ^ 

More  primitive  are  the  methods  for  obtammg  fish,  blubber,  and 

liver  oils. 


Fig.  1. 


The  employment  of  digesters  has  found  most 
enormous  rendering  establishments  for  taUow,  bone  fet,  and  lard  m 
the  United  States  and  South  America  (see  Chap  XIV  ,  ^^;<^^J^ 
turn  have  served  as  models  for  the  rendering  o  W^^^T.^ti  Vol  m 
XIV.  "  Whale  Oil "),  fish  oUs  (see  Chap.  XIV  ),  bone  fat  (see  Vol  H  • 
Chap.  XV.),  "Greases"  (see  Chap.  XV.  and  Cl-P„  XVU  and  al 
kinds  of  waste  fats  in  slaughter-houses  (see  Chap  XVI.).    bide  by  side 
S  the  processes  using  digesters,  there  are  still  -  .^^^^^  ^  ^^^^J 
scale  processes  having  for  their  ob  ect  the  boilmg  out  of  oil-^contamong 
ratekrwith  the  aid  o'f  water  and  steam  in  open  vessels  (see  Chap.  XIV. 

"  1  and  fats  for  edible  purposes  requires 
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special  precautions,  which,  vary  with  the  special  conditions  which  each 
individual  material  presents.  A  description  of  processes  adapted  to 
such  special  purpose  will  be  found  in  Chapter  XIV.,  under  the  headings 
"  Lard,"  "  Tallow,"  "  Butter,"  "  Cod  Liver  OU,"  and  in  Volume  III., 
under  the  heading  "  Margarine." 

Apparatus  designed  for  the  continuous  rendering  (propulsion  of  the 
mass  by  screws,  etc.)  have  proved  useless,  as  after  a  very  short  time 
the  moving  parts  become  clogged  up.  A  contrivance  designed  to  avoid 
this  drawback  suggests  introducing  the  rough  fat  into  the  melting  vat 
from  below. 

(2)  The  Preparation  of  Oils  and  Fats  hy  Expression 

The  boiling-out  process  is,  for  obvious  reasons,  practically  inapplicable 
in  the  case  of  small  seeds,  such  as  linseed  and  rape  seed.  The  original 
method  of  obtaining  the  oil  from  such  seed  was  most  likely  the  same 
which  is  stUl  used  in  most  villages  in  India,  viz.  trituration  of  the  seed 
in  a  mortar,  so  that  the  oil  can  exude.  It  may  be  safely  assumed  that 
the  process  of  expression  was  applied  in  the  first  instance  to  the  prepara- 
tion of  olive  oil.  The  first  woman  who  expressed  oil  by  packing  olives 
in  a  sack  and  weighting  with  stones  may  be  considered  the  forerunner 
of  the  inventors  of  aU  the  power  presses  that  subsequently  came  into 
use.  PUny  describes  already  in  detail  the  apparatus  and  processes 
employed  for  obtaining  olive  oil  by  his  Koman  contemporaries,  who 
used  a  simple  screw  press,  a  knowledge  of  which  they  had  derived  from 
the  Greeks.  In  the  East,  where  vegetable  oUs  not  only  form  an  import- 
ant article  of  food,  but  are  also  used  for  other  domestic  purposes,  various 
ingenious  applications  of  lever  presses  and  wedge  presses,  and  even  of 
combined  lever  and  wedge  presses,  have  been  employed  from  the  remotest 
times.  At  an  early  stage  of  history  the  Chinese  ^  employed  the  same 
series  of  operations  which  are  followed  in  the  most  advanced  oU  mills 
of  modern  times,  viz.  bruising  and  reducing  the  seeds  to  meal  under  an 
edge  stone,  heating  the  meal  in  an  open  pan,  and  pressing  out  the  oil 
in  a  wedge  press,  the  wedges  of  which  are  driven  home  by  hammers. 
This  primitive  process  is  stiU  being  carried  out  in  the  production  of  the 
soya  bean  cake  and  soya  bean  oil  (see  Chap.  XIV.  "  Soya  Bean  OU  "), 
one  of  the  staple  industries  of  Manchuria.  The  remarkably  good  yields 
of  oil  which  are  thus  obtained  must  be  due  to  the  length  of  time  the 
meal  is  kept  under  pressure.  The  Japanese  employed  similar  methods, 
and  at  the  present  time  a  special  wooden  wedge  press — tatsugi — is  largely 
employed  in  the  oil  industry  of  Japan.  The  olive  press,  which  was 
also  used  in  vineyards  for  expressing  the  grape  juice  (the  wine  press  is 
supposed  to  be  an  Assyrian  invention),  found  its  way  from  the  South 
to  the  North  of  France,  and  was  commonly  employed  for  the  expression 

'  E.  D.  Miller,  English  imteiit '  2806,  1900;  German  patents  212,707,  229,004, 
2'17,322  (0.  HiJnnicke). 

^  The  ChineHe  appear  to  iiave  been  the  first  to  woric  up  cotton  seed  for  oil  and 
cake.  The  seed  was  cnishcd  some  centuries  ago  in  their  native  mills  ;  the  oil  was 
burned  in  their  hand  lamps  and  the  cake  was  returned  to  the  land  as  a  valualjle 
fertiliser. 
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of  poppy,  hemp,  and  rape  seeds.  The  apparatus  was  then  gradually 
improved,  and  thus  were  evolved  the  modern  forms  of  the  screw-press, 
next  the  Dutch  or  stamper  press,  and  finally  the  hydraulic  press. 

With  the  screw-press,  even  in  its  most  improved  form,  the  amount 
of  pressure  practically  obtainable  is  limited  owing  to  the  failure  of  its 
parts  under  the  severe  inelastic  strain.  Hence  this  form  of  press  finds 
only  limited  application,  as  in  the  olive  oil  industry,  for  expressing  the 
best  and  finest  virgia  oil,  and  m.  the  production  of  animal  fats  for  edible 
purposes,  such  as  lard  and  oleo-margarine. 

The  Dutch  or  stamper  press  invented  in  Holland  in  the  seventeenth 
century,  was  up  to  the  early  years  of  the  nineteenth  century  almost 
exclusively  employed  in  Europe  for  pressing  oU  seeds.i   This  press 
consists  of  two  principal  parts,  an  oblong  rectangular  box,  with  an 
arrangement  of  plates,  blocks,  and  wedges,  and  over  it  a  framework 
with  heavy  stampers  which  produce  the  pressure  by  their  fall.  The 
press  box  first  consisted  of  strongly  bound  oaken  planks,  but  later  on 
cast-ii-on  boxes  were  introduced.    At  each  extremity  of  the  box,  a  bag 
of  oil  meal  was  placed  between  two  perforated  iron  plates,  under  which 
were  a  perforated  bottom  and  channels  for  conducting  away  the  ex- 
pressed oil.    Next  were  inserted  filling-up  pieces  of  wood,  two  of  which— 
the  speering  blocks— were  obUque  or  bevelled  on  one  face,  forming 
ways  for  the  two  wedges  which  pressed  against  them.    Between  the 
speering  blocks,  and  separated  also  by  a  filling-in  piece,  were  mserted 
the  two  wedges,  one  being  the  ordinary  or  driving  wedge  by  which  the 
pressure  was  appHed  to  the  seed  bags,  and  the  other  an  mverted  or 
sprin-^  wedge,  which  was  only  driven  down  to  loosen  and  free  the  various 
parts°when  the  pressing  operation  was  completed.    The  stamper  which 
drove  home  the  ordinary  wedge  was  a  heavy  log  of  wood,  about  lb  teet 
lonc^  by  8  inches  square,  and  it  feU  about  fifteen  times  a  mmute  through 
a  maximum  distance  of  22  inches,  by  the  action  of  a  pair  of  cams  fixed 
on  a  revolving  shaft.    When  the  pressure  was  deemed  to  have  acted  a 
sufficiently  long  time,  the  stamper  suspended  over  the  mverted  wedge 
was  brought  into  action  ;  by  a  single  heavy  blow  it  knocked  the  wedge 
out  of  its  key-like  position  and  thus  freed  the  various  parts  of  the 
apparatus  for  the  removal  of  the  pressed  cakes. 

This  press  has  had  to  give  way  to  the  hydrauhc  press,  although  m 
some  old-fashioned  estabUshments  in  Holland  the  stamper  press  could 
stiU  be  seen  at  work  in  the  'eighties  of  the  last  century. 

The  invention  of  the  hydrauhc  press  in  1795  by  Joseph  Bramah^ 
efiected  the  greatest  revolution  in  the  oH  industry,  mtroducmg  as  it 
did  a  new,  easily  controUed,  and  almost  unlimited  source  of  power 
the  limit  0  the  power  being  solely  reached  by  the  hmit  of  the  strength 
of  the  material  the  engineer  is  able  to  produce.  Since  then  the  hydrauhc 
press  has  practicaUy  completely  superseded  aU  other  appliance  u  ed 
for  expression.    In  consequence  of  this  epoch-makmg  mvention,  assisted 

1  For  a  description  of  a  prototype  of  this  press,  as  used  by  the  Chinese,  cp.  0. 
Vogel,  Ghem.  Zeit.,  1913,  183. 

••i  in  1818  Holland  had  430,  and  in  1874,  536  oil  nulls. 
"  English  patent,  April  30,  1795.  , 
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as  it  was  later  on  by  the  accumiilator — ^mvented  by  William  George 
(later  Lord)  Armstrong  (in  1843) — the  seed-crushing  industry  reached 
a  perfection  of  mechanical  detail  which  soon  secured  to  England  the 
supremacy  in  this  industry,  at  any  rate  up  to  the  end  of  the  last  century. 

The  machinery  required  for  the  preUminary  treatment  of  the  fruit 
or  seed  must  naturally  vary  with  each  particular  kind  of  fruit  or  seed ; 
thus  the  preparatory  operations  for  laying  bare  the  fat-containing  cells 
of  cocoa  nuts  differ  entirely  from  those  necessary  in  the  case  of  linseed. 

A  description  of  the  special  methods  used  for  the  expression  of  each 
individual  oil  and  fat  will  be  given  ia  the  foUowiug  chapter.  Here  it 
must  suffice  to  glance  at  the  modern  methods  of  preparing,  crushing, 
and  expressing  the  oleaginous  seeds,  as  carried  out  ia  the  best-equipped 
establishments. 

Since  the  catalogues  and  advertisements  of  the  engiueering  firms 
who  make  a  speciality  of  this  class  of  machinery  supply  excellent 
illustrations,  it  is  not  deemed  necessary  to  reproduce  them  here,  it 
being  my  intention  in  this  work  to  lay  greater  emphasis  on  the  chemical 
technology  and  general  principles  of  the  industries  than  on  a  full 
description  of  the  machinery  used  and  the  details  of  manufacturing 
operations. 

The  storage  of  the  seeds  requires  special  precautions.  They  must 
be  kept  dry,  heaped  loosely,  and  well  ventilated  ;  absence  of  bright  light 
is  essential  so  as  to  prevent  heating,  especially  if  they  be  brought  into 
the  store-house  in  a  moist  state.  When  the  seed  is  moist  all  conditions 
favourable  to  the  action  of  enzymes  (see  Vol.  I.  p.  51)  are  given  and 
hydrolysis  of  the  oil  or  fat  is  produced  with  the  formation  of  mono- 
and  di-glycerides  and  of  free  fatty  acids.  (This  is  readily  detected  in 
the  case  of  moist  rape  seed,  as  under  favourable  conditions  the  dierucin 
formed  crystallises  out  from  the  oil.)  The  free  fatty  acids  so  formed 
are  acted  upon  by  the  oxygen  of  the  air,  so  that  on  pressing  such  seeds, 
oils  are  obtained,  which  not  only  contain  free  fatty  acids,  but  also  leave 
the  presses  in  a  rancid  state. 

The  sequence  of  operations  observed  in  treating  oil  seeds,  oil  nuts, 
etc.,  for  the  separation  of  the  contained  oils  is  at  the  present  time  as 
follows : — As  a  preliminary  operation  the  oil  seeds  and  nuts  are  freed 
from  dust,  sand,  and  other  impurities,  by  sifting  in  an  inclined  revolving 
cylinder  or  sieving  machine  covered  with  woven  wire,  having  meshes 
varying  according  to  the  size  and  nature  of  the  seed  operated  upon. 
This  preliminary  purification  is  of  the  greatest  importance ;  it  is 
especially  indispensable  for  the  preparation  of  edible  oils  and  fats.  In 
the  case  of  those  seeds  which  contain  pieces  of  iron  (nails  ;  hammer 
heads  in  the  case  of  palm  kernels),  the  seeds  are  passed  over  magnetic 
separators,  which  retain  the  iron.  The  seeds  and  nuts  are  decorticated^ 
(where  required),  the  shells  are  removed  by  mechanical  means  (sifters, 
blowers),  and  the  kernels  ("  meats  ")  converted  into  a  pulpy  mass  or 
meal  by  passing  through  a  hopper  over  rollers,  consisting  mostly  of  five 

'  Cp.  Lcwkowitsch,  Cantor  Lectures  on  "  Oils  and  Fats  :  tlieir  Uses  auil  Applica- 
tions," Journ.  Snc.  Arts,  1904. 

'■^  A.  E.  Box,  English  application  13,335,  1913. 
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chilled  iron  or  steel  cylinders,  mounted  vertically  like  the  bowls  of  a 
calender  (in  older  establishments  stamping  or  crushing  and  grinding 
between  stones  in  edge  runners  is  still  employed).  These  rollers  are 
finely  grooved,  so  that  the  seed  is  cut  up  whUst  passing  in  succession 
between  the  first  and  second  rollers  ia  the  series,  then  between  the 
second  and  third,  and  so  on  to  the  last,  until  it  is  sufficiently  bruised, 
crushed,  and  ground.  The  distance  between  the  rollers  can  be  easily 
regrdated,  so  that  the  seed  leaving  the  bottom  roller  has  the  desired 
fineness. 

The  suitably  comminuted  mass,  forming  a  more  or  less  coarse  powder 
("  meal  ")  is  either  expressed  at  the  ordinary  temperatm-e,  or  subjected 
to  preliminary  heating,  the  latter  depending  on  the  quality  of  the 
product  to  be  manufactured.  For  the  preparation  of  edible  oils  and 
fats,  the  mass  is  packed  in  bags  and  expressed  in  hydrauHc  presses  in 
the  cold,  under  a  pressure  of  300  atmospheres  or  more  {i.e.  a  pressm-e  of 
two  tons  or  more  to  the  square  inch),  so  that  the  oil  may  exude  readily. 
Such  oUs  and  fats  are  known  as  salad  oils,  cold-drawn  oils,  cold-pressed 
oils  (see  Vol.  III.  Chap.  XV.  "  Edible  Oils  ").  Under  these  conditions 
the  oUs  and  fats  dissolve  the  smaUest  amount  of  colourmg  matters, 
and  suffer  in  the  least  degree  as  regards  quality.  Obviously  only  a 
portion  of  the  oU  or  fat  contained  in  the  fruit  or  seed  is  obtamed  m  this 
manner  ;  a  further  quantity  is  gained  by  expression  at  a  somewhat 
elevated  temperature,  which  is  reached  by  warming  the  seed  pre^aous 
to  expression.  The  quality  of  the  oU  or  fat  naturally  suffers  when 
expressed  in  the  hot,  more  of  the  extractive  substances  bemg  dissolved 
in  and  intermixed  with  the  oil.  The  taste  also  suffers ;  the  oil  thus 
obtained  is  hardly  suitable  for  edible  uses  and  is  chiefly  employed  for 
manufacturing  purposes.  The  oil  or  fat  which  is  retamed  by  the  press 
cakes  can  only  be  recovered  by  again  comminutmg  the  latter  and 
subiecting  the  meal  so  obtained  to  a  further  expression. 

In  the  case  of  oleaginous  seeds  of  somewhat  low  value  such  as 
linseed,  cotton  seed,  the  aim  is  to  express  in  one  operation  the  largest 
possible  quantity  of  oU.  Hence  the  broken  seed  is  generally  warmed 
in  a  steam-jacketed  kettle,  fitted  with  mixing  gear,  by  passing  steam 
into  the  jacket,  and  sending  at  the  same  time  some  steam  ^^^oughj 
"  rose,"  fixed  inside  the  kettle,  into  the  mass  while  it  is  being  ag  tated 
This  practice  is  a  survival  or  rather  persistence  of  the  older  ^n^thod  «f 
moistening  the  seed  with  a  Uttle  water  while  the  seeds  were  brms^^^^^^^ 
an  ed-e  ranner,  so  as  to  raise  the  temperature,  and  facilitate  the 
bursting  of  the  cells.  The  assumption  that  the  albuminous  mass  is 
thereby  coagulated  1  hardly  holds  good,  the  object  bemg  meiely  to 
warm  the  see'd  to  a  higher  temperature  and  at  the  same  time  to  moisten 
it,  so  that  the  cells  part  more  freely  with  the  imprisoned  oil. 

I  K.  Oga  patents  in  English  patent  4262,  ^^^^J^jf^^^^^Zi 
minuted  material  to  a  et,n-enl  of  hot  air  the  ^^'^^.^Z^,^  • ,  yrlncM  patent 
the  albuminous  matter  does  not  eoagnlate.  '"^X  by  B.  S.  Woodward,  jun., 

432,787  theapplication  of  superheated  steam  f^^^^f  ^^P" 
in  United  States  patent  843  983  February       1900  to  the  see  ^ 
also  the  same  patentee's  earlier  Frencli  patent  372  566,  as  also  nib  y 
1911     Cp.  also  F.  Wolfenden,  United  States  patent  l,012,dl^. 
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The  heated  meal  is  then  either  packed  by  hand  as  is  being  done 
largely  in  the  South  of  France  in  "  scourtins  "  (bags  made  of  plaited 
aloe  leaves  or  cocoa  nut  leaves,  camel  hair  or  horse  hair),  or  delivered 
through  a  measming  box,  which  is  combined  with  an  automatic  mould- 
ing machiae,  into  woollen  bags  or  open  cloths  (as  is  done  where  the 
Anglo-American  press  is  used),  so  that  the  preliminary  pressed  cakes 
can  be  put  at  once  into  the  hydraulic  press,  in  which  the  meal  is  sub- 


Fig.  2. 


jected  to  high  pressure.  In  the  latest  constructions  of  cage  presses 
(see  below),  the  use  of  bags  is  entirely  dispensed  with,  a  measured-out 
quantity  of  seed  falling  direct  into  the  circular  press  cage,  and  being 
separated  by  a  circular  plate  of  sheet-iron  from  the  material  which  is  to 
form  the  next  cake.^ 

The  essentials  for  proper  oil  pressing  are  a  slowly  accumulating 
pressure,  so  that  the  liberated  oil  may  have  time  to  flow  out  and  escape  ; 
a  pressure  that  increases  in  proportion  as  the  resistance  of  the  material 
increases,  and  that  maintains  itself  as  the  volume  of  material  decreases 
through  the  escape  of  oil. 

'  Cp.  E.  G.  Bisbee  and  C.  P.  Eliiics,  Kiciicli  patent  335,444. 
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Numerous  forms  of  hydraulic  presses  have  been  devised.  They  may 
be  divided  into  vertical  and  horizontal  presses.  Horizontal  presses 
have  practicaUy  ceased  to  be  used  in  this  branch  of  industry.^  At 
present  vertical  presses  are  almost  esclusively  in  vogue. 

The  most  primitive  form  of  vertical  press,  and  one  which  is  still  used 
where  high  pressure  is  not  essential,  is  a  drum  or  a  box  press,  so  caUed 
because  on  the  platten  are  placed  two  circular  metal  tubes,  one  within 
the  other,  the  inner  being  perforated  throughout  for  the  escape  of  the 

011  At  the  top  of  the  press  is  secured  a  strong  metal  plate  or  table, 
havin^r  the  same  diameter  as  the  inner  box.    When  the  ram  carrying 
the  box  is  forced  up  against  the  surface  of  this  table  the  seed  is  pressed. 
The  seed  bags,  separated  by  metal  plates,  are  deposited  withm  a  per- 
forated box.    Experience,  however,  has  demonstrated  that  the  best 
presses  are  those  provided  with  separate  trays  or  seed  boxes  for  each 
bag,  and  the  ordinary  oil  press  of  this  type  is  fitted  with  4  to  6  seed 
boxes  and  presses  4  to  6  separate  cakes  at  one  working.    A  convenient 
form  was  the  double  oil  press  of  Blundell,  which  admits  of  continuous 
working,  one  division  being  under  pressure  while  the  other  division  is 
being  emptied  and  recharged.    This  press  has  been  practically  ousted 
from  the  market  by  the  following  three  types  of  presses  :— 

1  The  Marseilles  Press.— This  press,  a  "pack  press  dispenses 
with  bags,  seed  boxes,  and  hak  mats,  the  seed  being  packed  by  hand  m 
"  scourtins,"  to  the  number  of  16  to  25  for  one  charge,  the  scourtms 
being  simply  separated  in  the  press  by  corrugated  u-on  plates,  ihis 
presf  is  still  largely  used  in  the  South  of  France,  although  the  packng 
requires  more  manual  labour  than  in  the  case  of  the  Anglo-American 
Dress  (see  No.  2).  Moreover,  this  press  offers  inconvemence  m  keeping 
L  bags  straight,  and  the  pressure  camiot  be  raised  to  saine  height 
as  can  be  done  in  the  foUowing  two  types  of  presses.    In  fact,  tHe 

xtreme  HnSt  of  pressure  is  250  to  300  atmospheres  (34  to  40  cw  s.  per 
sauare  inch)  this  being  the  limit  of  the  resistance  of  the  scourtins. 

^TneAnglo-An^Ln  Press.-This  vertical  press  is  at  present  the 
one  mostly  in  use.^  It  consists  of  an  open  press  fitted  with  a  number  of 
Ton  pre  pTates  (from  10  to  16)  between  which  the  cakes  are  mserted 
brC  ^    The  preB^^e  employed  in  working  with  these  presses  is 

is  a  hyd^auhc  provided 
with  a  cTcular  box  or  cage,  into  which  the  meal  is  fi^e^  as^desc^^^^^^^^ 

V  VI    A    Herr  United  States  patents 

1  For  a  new  horizontal  press  see,  however,  H-  A.  Herr  unu 

10  860  1907  ;  7224,  1908)  claims  to  obviate  certain  clrawDacics 

St^tes^Ar™^^^^  i"  English  patent  16,827,  1906,  plates  having  on 

all  fonrsfdes  rigid  raised  edges  lith  an  inwardly  inclined  surface. 
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mechanically  a  more  perfect  arrangement,  are  not  preferable  to  the  cage 
presses  formed  by  staves,  as  the  holes  easily  become  clogged  up  by  the 
meal,  when  it  becomes  necessary  to  clean  out  the  cylinder,  an  operation 
which  involves  a  good  deal  of  labom*.  To  reduce  the  drawback  caused 
by  the  clogging  up  of  the  holes,  they  are  bored,  in  more  recent  con- 
structions, conically,  the  diameter  on  the  outside  of  the  cylinder  being 
larger  than  the  diameter  of  the  holes  in  contact  with  the  cakes. 

In  order  to  save  time  and  to  obtain  an  increase  of  output  with  a 
given  number  of  Marseilles  or  cage  presses,  each  set  (battery)  of  presses 
is  provided  with  a  preliminary  (preparatory)  press,  in  which  the  meal 
bags  are  compressed  uuder  a  pressm-e  not  exceeding  15  to  20  cwts.  per 
square  inch.  The  shrinkage  in  volume  caused  by  the  outflow  of  oil  is 
made  up  by  bags  containing  fresh  meal. 

When  the  presses  are  charged  the  hydraulic  pressure  from  the 
accumulator,  and  finally  from  the  hydraulic  pump,  is  allowed  to  act 
on  the  ram.  The  hydraulic  ram  then  compresses  the  cakes,  whilst 
the  exuding  oil  flows  down  the  sides  in  the  case  of  the  open  presses 
(1  and  2),  or  through  the  openings  between  the  staves  (cloddiig  presses), 
or  through  the  perforations  of  the  cylinder,  as  the  case  may  be,  into  a 
tank  below.  After  releasing  the  pressm-e,  the  cakes  are  taken  out ; 
the  edges,  which  are  naturally  richer  in  oil  than  the  bulk,  and  hence 
are  soft  and  friable,  are  trimmed  off  in  a  paring  machine. 

Oil  obtained  from  heated  meal  is  usually  more  highly  coloured  and 
harsher  to  the  taste  than  cold-drawn  oil,  since  larger  quantities  of  the 
extractive  substances  (albuminoids,  mucflaginous  substances)  are 
dissolved  in,  and  intermixed  with,  the  oil.  According  to  the  care 
exercised  by  the  manufactiu-er  in  regulating  the  range  of  temperature 
through  which  the  seed  is  heated,  various  grades  of  oil  are  obtained. 

When  the  seeds  contain  large  amounts  of  oil,  exceeding  40  per  cent 
(palm  kernels,  cocoa  nuts,  castor  seeds),  it  is  necessary  to  repeat  the 
process  of  expression.  This  is  done  by  breaking  up  the  cakes  in  a  cake- 
breaking  machine,  reducing  them  to  meal  in  an  edge  runner,  and  sub- 
jecting the  meal  to  a  second  expression  in  the  manner  described  already. 

In  the  case  of  some  oil  seeds  which  contain  more  than  40  per  cent 
of  oil  (arachis,  sesame)  the  first  expression  in  bags  leads  to  difficulties, 
as  the  oily  meal  causes  "  spueing,"  i.e.  the  meal  exudes  and  escapes 
from  the  presses  together  with  the  oU. 

Hence  in  modern  instaUations  the  first  expression  of  these  seeds 
IS  carried  out  in  "  clodding  "  presses.  These  presses,  generally  worked 
in  sets  of  two,  or  three,  or  more,  have  a  seed  kettle  fixed  on  the  top 
of  the  press  (see  Figs.  2  and  3)  ;  the  kettle  is  provided  with  one  or  more 
openings,  corresponding  to  the  chamber  or  chambers  in  the  heads  of 
the  press  or  presses.  These  chambers  can  be  closed  at  the  top  and 
bottom  by  slides,  actuated  by  levers,  and  arc  designed  to  contain  as 
much  meal  as  is  required  to  form  one  cake.  The  measm-ed  charge  of 
meal  is  then  allowed  to  fall  into  the  press  box  and  is  covered  with  a 

'  A.  Austerlitz,  in  German  patent  184,979  patents  a  special  paring  machine. 
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circular  metal  plate.  This  operation  is  repeated  until  the  press  is  fuU, 
when  hydraulic  pressure  is  applied,  and  a  ram  forces  the  box  agamst  a 
sliding  block  at  the  head  of  the  press.  The  oil  exudes,  and  the  meal  is 
pressed  into  circular  cakes  ready  for  the  second  expression.  After 
releasing  the  pressure,  and  removing  the  sUding  block,  the  cakes  are 
forced  out  by  the  hydrauHc  ram.  They  are  then  comminuted,  and  the 
meal  is  subjected  to  a  second  expression  in  a  Marseilles  or  Anglo- 
American  hydraulic  press. 

The  mechanical  part  of  the  process  has  been  improved  recently. 


Fig.  3. 

SO  that  even  for  the  second  expression  the  open  An£oj.meri^^^^^^ 
can  be  dispensed  with.    The  finishing  presses  ^-^r^^^^^f/^^^;',!^ 
«^  the  TOCSS  in  which  the  first  expression  is  carried  out,  and  by  maiang 
Se  S  ca  Js  removable  the  pressing  operation  approaches  an 
Slst  cltLuous  one.    These  cages  can  be  transported  bj  means  of  a 
;!r!r:n  carriage  i^-^:^^^^.^^:^, 

arrangement  (see  Figs.  6  and  6),  '"^ev^  ^ 
by  a  charged  l:^;;;^,^^^^^^^ 

::;£;tt"rgoes  on  praeUeally  eontiunonsly.  Further 
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advantages  are  offered  by  these  presses  in  that  the  cakes  require  no 
paring,  and  that  a  saving  of  "  scourtins  "  or  press  cloths  in  comparison 
with  the  Marseilles  or  Anglo-American  systems  is  effected. 

In  the  cage  presses  a  higher  pressure  can  be  employed,  and  hence 
more  oil  can  be  obtained  from  the  meal  than  in  the  open  types  (the 
Marseilles  and  Anglo-American  presses).  The  pressm:e  can  be  run 
up  in  practice  from  2|-  to  2f  tons  per  square  inch.  If  the  open  presses 
could  be  made  to  withstand  the  same  high  pressure,  they  would  un- 
doubtedly yield  the  same  amount  of  oil. 

Cage  presses  having  perforated  cylinders  (see  above)  are  designed 
for  still  higher  pressures,  and  installations  have  been  erected  during 


Pig.  4. 

recent  years  in  which  the  pressure  (under  the  piston)  amounts  to  450 
atmospheres  (.3  tons  per  square  inch),  and  even, 600  atmospheres  (4  tons 
per  square  inch).  In  order  to  provide  for  a  ready  outflow  of  the  oil 
the  number  of  holes  in  a  cylinder  of  420  millimetres  diameter  and  1400 
millimetres  height  has  been  increased  to  almost  60,000.  It  should, 
however,  be  pointed  out  that  no  advantage  is  gained  over  the  open 
presses  or  cage  presses  fitted  with  staves  by  these  very  high  pressures. 
True,  the  cakes  retain  only  about  7  per  cent  of  oil,  but  stock-raisers 
prefer  cakes  containing  10  per  cent  of  oil  (excepting  cakes  made  fi-om 
undecorticated  cotton  seed). 

In  addition  to  the  drawbacks  mentioned  already  (cp.  p.  6),  the 
high  prime  cost  of  installing  these  expensive  presses  must  militate 
against  them.  It  has  been  ascertained  in  practice  tliat  the  working 
expenses  and  the  yield  of  oil  of  equal  quality  are  almost  identical  in 
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installations  of  the  older  types  and  in  miUs  having  cage  presses  working 
under  these  extremely  high  pressures,  whilst  the  initial  outlay  for 
these  latter  presses  is  from  three  to  four  times  higher.  _  Moreover, 
the  oil  produced  under  the  higher  pressure  is  more  turbid  than  oil 


Fig.  5.1  % 


obtained  in  the  older  types  of  presses,  and  is  more  difficult  to  clarify, 
m^s  no  doubt  due  to  a  larger  amount  of  extractive  substances  havmg 

"^TtilVe'thf  aU^  advantages  claimed  for  these  presses  have 
not  been  borne  out,  so  far,  m  practice. 

1  The  illustrations  Figs.  2-6  have  boeu  eugravod  from  drawings  and  photographs 
kindly  lent  by  Messrs.  Greenwood  and  Batley,  Leeds. 
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It  should  be  noted  that  the  figures  given  above  for  the  pressures 
represent  the  pressures  under  the  press  piston,  as  read  oii  the  mano- 
meter. They  by  no  means  indicate  the  pressures  on  the  cakes  them- 
selves. As  a  general  rule  it  may  be  accepted  that  the  cakes  are  under 
a  pressure  of  about  two-thirds  of  that  indicated  by  the  manometer. 


The  oil  flowing  down  the  sides  of  the  press  or  through  the  staves 
or  holes  is  caught  in  reservoirs  placed  below  the  level  of  the  floor  and 


Fig.  6. 

is  pumped  into  store  tanks  for  settling,  clarifying,  and  refining  (see 
below). 

Although  the  modern  presses  described  above  work  economically, 
still  the  obvious  drawback  adheres  to  them  that  the  work  is  not  entirely 
continuous.  This  feature  has  induced,  at  an  early  period,  several 
inventors  to  design  continuously  worldng  presses,  such  as  those  of 
Bessemer  and  Haywood,^  Muller,^  Bergreen.^    But  not  one  of  these 

'  English  patent  1261,  1849.       «  German  patents  26,343,  1883  ;  and  35,781,  1889. 
'  German  patent  65,165,  1892. 
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presses  has  been  able  to  maintain  itself  in  practice  owing  to  the  high 
cost  required  for  power,  in  conjunction  with  a  very  smaU  output. 

Kecently  experiments  were  made  in  several  European  oil  miUs  with 
an  automatic  press,  designed  by  7.  B.  Anderson?-   In  this  press  the 
seeds  are  introduced  through  a  hopper  and  carried  forward,  by  means 
of  screw  blades,  into  a  horizontal  cage  formed  by  metal  staves.  The 
spirally  arranged  blades  do  not  set  the  mass  in  rotation,  but  subject  the 
seeds  to  a  force  of  torsion  by  contact  with  the  mass  in  front  of  them. 
The  expressed  seed  is  driven  on  to  the  end  of  the  horizontal  cage,  and  a,B 
soon  as  a  certain  pressure  is  exceeded  a  portion  of  the  expressed  mass  is 
discharged.    This  press  works  on  cold  seed  only,  and  therefore  the  oil 
which  is  obtained  is  of  very  good  quaUty.^   The  press  is  especially 
recommended  by  the  inventor  for  linseed,  rape  seed,  and  cotton  seed. 
His  claim  that  only  6  per  cent  of  oH  are  left  in  the  ejected  mass  has, 
however,  not  been  borne  out  by  experiments  with  which  the  author 
is  acquainted.    Thus,  in  the  case  of  cotton  seed,  the  pressed  material 
stUl  contained  7  per  cent  of  oU,  although  the  pressure  amounted  to  5 
tons  per  square  inch,  whereas  the  same  material  pressed  m  a  hot  press 
of  the  Anglo-American  type  yielded  cakes  retammg  4  per  cent  of  oA 
only    The  comparatively  small  output,  the  high  cost  for  power,  and 
the  strongly  corroding  action  which  the  compressed  mass  exerts  on 
the  metal  constitute  such  serious  drawbacks  that  it  is  very  unlikely 
that  tHs  press  will  displace  the  above-described  _  hydrauhc  presses. 
Even  recent  improvements  embodying  the  appUcation  of  much  harder 
steel  (such  as  high-class  tool  steel)  have  not  materiaUy  assisted  m 
brinc'ing  this  press  into  more  extended  use.  ,  , 

A  press  similar  in  design  to  the  press  constructed  by  Bergreen  m 
that  it  exhibits  the  same  conical  shape  of  the  press  chamber  and  the 
ame  general  arrangement,  has  been  patented  by  J'.  C.  Caldwdl^ 
The  press  differs,  however,  from  Bergreen's  m  that  the  sciw  blades, 
which  in  the  latter's  press  are  arranged  spiraUy  on  a  vertical  shaft,  are 
Waced  by  spiral  corrugations,  or  screw  threads,  which  extend  ap- 
proZately  half-way  arfund  the  soHd  vertical  -Mst 
lower  end  the  corrugations  extend  entn-ely  around  the  roUer.  The 
wlus  of  the  pressure  chamber  are  formed  by  staves  (as  m  cage  presses) 
permitting  the  passage  of  oH.  The  author  has  had  no  P^^ctica  experi- 
encrwitTthis  press,  which  is  stated  by  the  inventor  to  be  particularly 
nnnliVable  to  cotton  seed  and  linseed.  x 
""KTLauerrnann,^  claims  an  apparatus  for  the  extraction  of  cotton 
seed  and  other  oil  seeds,  consisting  of  a  vertical  jacketed  cylinder 
Sside  which  a  shaft  provided  with  arms  rotates  These  arms  are  fitted 
wSh  kS^BS  running  paraUel  to  the 

Jthe  cylinder.  There  are  also  fixed  kmves  mside  the  cylinder.  The 
seed  is  crushed  on  passing  through  the  cylmder. 

Chap%  )  "ence  cold  pressed  cake  inust  not  be  used  as  cattle  food. 
•  :  S^SS'S^'^SiJS^nt  876,363  ;  English  patent  16,642.  1908. 
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Under  this  head  may  also  be  mentioned  the  attempts  that  have 
been  made  to  use  hydio-estractors  in  the  ordinary  routine  of  oil  mill 
work.  They  are,  however,  entirely  unsuitable  for  this  purpose.  Re- 
cently, experiments  have  been  made  both  in  Algiers  ^  and  California  ^ 
to  extract,  in  the  first  instance,  an  edible  oil  from  freshly  gathered 
olives  by  centrifuging  the  fruit.  Nothing  definite  can,  however,  be 
stated  as  to  the  advantages  alleged  to  have  been  obtained,  and  the 
reader  must  therefore  be  referred  to  the  original  publications  mentioned 
in  the  footnotes. 

Hydro-extractors  can  only  be  employed  with  advantage  for  sub- 
sidiary operations  in  the  oil  and  fat  industries,  such  as  for  separating 
the  oU  from  the  meal  which  has  exuded  through  the  cloth,  or  generally 
from  by-products  rich  in  oU. 

For  the  application  of  centrifugals^  to  the  recovery  of  fat  from 
milk,  see  "  Butter  Fat." 

For  a  process  of  extracting  olive  oil  from  the  fruit  by  difEusion  see 
"  Ohve  Oil." 


The  extraction  of  oils  and  fats  in  vacuo  has  been  patented  by  W.  S. 
Simpson,^  cp.  also  "  Olive  Oil." 

The  analytical  control  of  this  technical  process  confines  itself  chiefly 
to  the  determination  of  the  proportion  of  oil  or  fat  contained  in  the 
raw  material — oleaginous  seeds — and  the  determination  of  the  oil  left 
in  the  expressed  cakes.  For  these  estimations,  quantities  of  not  less 
than  100  grms.  should  be  used. 

The  sample  is  prepared  for  analysis  by  disintegrating  it  carefully 
m  a  suitable  manner,  as  by  means  of  a  cake-mill  or  coffee-grinder,^  and 
exhausting  it  with  ether,  or  petroleum  ether,  or  carbon  tetrachloride,^ 
using  any  of  the  extracting  apparatus  described  (Vol.  I.  Chap.  IV.). 
The  disintegration  of  the  seeds  requires  great  care,  as  otherwise  con- 
siderable quantities  of  oil  or  fat  may  remain  in  the  meal.  The  breaking 
up  of  the  cells  which  occlude  the  oil  or  fat  is  best  assisted  by  grinding 
with  ignited  sand,  which  offers  the  double  advantage  of  breaking  the 
cells  more  completely  than  is  done  by  mere  pounding  in  a  mortar,  and 
of  presenting  a  large  surface  to  the  extracting  solvent.  In  the  case  of 
seeds  containing  large  quantities  of  oils  and  fats,  it  is  advisable  first  to 
break  up  the  mass  roughly  and  to  extract  a  portion  only  of  the  oU  or 
fat,  then  to  triturate  the  partially  extracted  mass  with  sand  and  finally 
exhaust  completely.    This  specially  applies  to  soya  beans,  copra,  palm 

'  Cp.  L.  Diigast,  V Industrie  olHcok,  Paris,  1905,  p.  78;  Frencli  piilioiit  397,203 
(Morel-Revoil)  ;  French  patent  411,493  (Sagols). 

California  Olive  OU  ;  its  Afanu/acture.    By  G.  W.  Sliaw,  College  of  Agric,  Agr. 
Bxpt.  Station,  Bull.  No.  158,  Sncraniento,  p.  26. 

Especially  those  constructed  by  the  Actiebolaget  Separator,  Stnckliolni. 
J^"g''*  patent  4661,  1910;   French  patent  441,970;    Uinted  Slates  patent 

"  With  regard  to  errors  caused  by  deviating  from  these  directions  cp.  Jonrn.  .Soc. 
Chem.  hid.,  1895,  447. 

"  Bilteryst,  Bull,  de  1'As.ioc.  lielge,  1897  (10),  406. 
VOL.  II  0 
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kernels,  and  generally  to  all  seeds  containing  more  than  50  per  cent  of 
oil  or  fat. 

If  ether,  or  carbon  bisulphide,  or  chloroform  be  employed,  it  is 
necessary  to  dry  the  material  prior  to  extraction,  moist  seeds  or  cakes 
being  apt  to  yield  to  the  solvent  non-fatty  substances.  Ether  must 
first  be  purified  ;  this  is  best  done  by  washing  with  water,  in  order  to 
remove  any  alcohol,  then  drying  over  calcium  chloride,  and  distilling 
ofiE ;  finally  the  ether  is  distilled  over  metallic  sodium,  in  order  to  free  it 
from  the  last  traces  of  water  and  alcohol. 

The  drying  of  seeds  or  cakes  containing  drying  oils,  such  as  linseed 
and  linseed  cake,  or  even  semi-drying  oils,  such  as  maize  and  soya  oil, 
requires  some  care ;  if  the  material  has  been  dried  at  too  high  a  tem- 
perature, or  for  too  long  a  period,  the  diying  oUs  refuse  to  pass  readily 
into  solution.  This  fact  is  clearly  brought  out  by  some  experiments 
recorded  in  the  following  table  due  to  Elopsch  :  ^— 

Oil. 

Linseed  Cake.  Per  cent. 

Dried  3  hours  at  94°-96°  C.  gave  .  •  •  8-97 
Dried  6  hours  at  100°  C.  gave  ....  8-55 
Dried  12  hours  at  94°-96°  C.  gave      .         .         •  7-89 

If  the  cakes  have  been  dried  at  too  high  a  temperature,  brown 
resinous  extracts  (containing  oxidised  acids)  are  obtained.  An  analysis 
can  therefore  only  be  looked  upon  as  correct  if  the  extract  has  the 

appearance  of  a  clear  oil.  o  i  i     j.  j.t. 

If  petroleum  ether  or  carbon  tetrachloride  ^  be  used  as  a  solvent,  the 
drying  of  the  material  may  be  omitted.  The  petroleum  ether  must 
boil  completely  below  80°  C.  This  solvent  is  speciaUy  smtable  for  the 
extraction  of  cakes  containing  drying  oils  ;  moreover,  it  extracts  much 
smaUer  quantities  of  non-fatty  substances  than  ether  does. 

Frequently  the  examination  of  the  extracted  oil  is  required ;  this 
is  done  by  the  methods  described  in  Vol.  I.  The  microscopical  examina- 
tion of  the  meal  wiU  frequently  afford  valuable  assistance. 

A  large  number  of  analyses  of  seeds  and  oH-cakes  have  been 
published  by  various  observers.^   A  record,  or  even  a  summary,  o 
such  analyses  obviously  faUs  outside  the  scope  of  this  work,    i  wUl 
therefore  quote  only  some  analyses  by  NordUnger'  as  throwing  hght 
on  the  proportion  of  neutral  oil  to  free  fatty  acids. 

1  Zeits.f.  analyt.  them.,  1888,  452.  iqio  SQ^ll 

2  Cp.  also  Harding  and  Nye  {.Tonrn.  Ind.  Eng.  Ghm..,\^l2  (4),  895). 

3  Cp.  also  B.  Schulze,  Landia.  Vermchsst.,  1911 

"  Cp  ea  B.  Collin,  Annales  de  chimie  analytiquc,  iyuy,^oo. 
5  Cp!  kenlg.  Die  menschlichen  Nahrungs-  und  GenussmUtd. 
»  .Tourn.  Soc.  Chem.  Ind.,  1890,  422. 
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Seeds 


Rape  {Brassica  rapa) 
Cabbage  (Brassica  campestris)  . 
Poppy  (Papaver  somniferum)  . 
Earthnut  {AracMs  hypogsea) — 

(a)  Seed   

(b)  Husks  .... 
Sesame  {Sesamum  orientale) 
Castor  (Ricinus  communis) 

Palm  nut  [Elmis  guineensis)  with  6 

per  cent  husks 
Copra   (Cocos  nxicifera)   .  . 


100  parts  oontain 

Free  Fatty 
Acids  in  Total 
Fat. 

Free  Fatty 
Acids. 

Total  Fut. 

Per  cent. 

0-42 

8775 

1  .1  A 

110 

0-32 

41-22 

0-77 

3-20 

46-90 

6-66 

1-91 

46-09 

4-15 

1-91 

4-48 

43-10 

o  .01 

51  -59 

4  69 

1-21 

46-32 

2-52 

4-19 

49-16 

8-53 

2-98 

67-40 

4-42 

100  parts  contain 

Ckkes. 

Number  of 
Samples. 

Free  Patty 
Acids  in  Total 

Free  Patty 
Acids. 

Total  Fat. 

Fat. 

Rape  . 

Per  cent. 

6 

0-93 

8-81 

10-55 

Poppy  seed  . 

10 

5-66 

9-63 

58-89 

Earthnut  (Arachis) 

20 

1-42 

7-65 

18-62 

Sesame 

15 

6-15 

15-44 

40-29 

Palm  nut  . 

38 

1-47 

10-39 

14-28 

Cocoa  nut  • 

5 

1-31 

13-11 

10-51 

Lineeed 

2 

0-75 

8-81 

9-75 

Castor 

10 

1-27 

6-53 

20-07 

The  total  fat  was  obtained  by  extraction  with  petroleum  ether, 
and  the  free  fatty  acids  were  titrated  with  standard  alkali  and  calculated 
to  oleic  acid. 

The  ratio  of  total  fat  to  fatty  acids  is  not  necessarily  the  same  in 
the  cakes  as  in  the  expressed  oils.  Thus  the  "  first  expressed  "  oils 
("  salad  oils  ")  contain  far  less  free  fatty  acids  than  does  the  total  fat  in 
the  seeds.  Consequently  more  free  fatty  acids  remain  in  the  cakes. 
The  oils  from  the  second  and  third  pressings  are  richer  in  free  fatty 
acids,  but  a  large  portion  thereof  remains  behind  in  the  cakes. 

The  following  example  will  illustrate  this  : — 


100  Kg.  of  Poppy  Seed  yielded 

Oil. 
Per  cent. 

Contnlntng  Prue 
Fatty  AoldH. 
For  cent. 

Extracted  with  aolvents. 

46-9 

6-82 

E.xpressed — (a)  Salad  oil 

(6)  Commercial  oil 

39  0 
2-5 

1-92 
15-87 

Remaining  in  the  cakes  . 

S-4 

38-82 
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The  occurrence  of  free  fatty  acids  in  cakes  must  be  ascribed  to  the 
action  of  enzymes  on  tbe  oil  retained  in  the  cakes ;  hence  those  con- 
ditions which  favour  thek  action,  such  as  a  somewhat  elevated  tempera- 
ture (between  30°  and  40°  C),  moisture,  etc.,  wUl  lead  to  the  Production 
of  so  notable  an  amount  of  free  fatty  acids  in  stored  cakes,  that  the 
cakes  become  unfit  for  feeding  purposes.  Nor  must  the  action  ot  hght 
be  ignored.  '  This  is  clearly  brought  out  by  an  examination  ot  palm 
kernel  cakes  made  by  Emmerling.^  The  following  changes  were 
ascertained  : —  .  , ^ 

Free  Fatty  Acids  in  100  parts  of  Fat. 
I.  II.  Ill- 

^    ,      ,  .     14-35       16-14  20-50 

Fresh  cakes        .         •         •         •  „a  aa  Ann 

Cakes  stored  two  years  in  the  dark  •  4U-di       ^  ■ 

^s^'   -  '''' 

Moulds  also  lead  to  the  formation  of  free  fatty  acids  in  cakes  as 
they  readily  grow  on  cakes  stored  in  a  damp  condition    In  the  case  ot 
cakes  containing  drying  oils,  such  as  linseed  cake,  a  slow  oxidation  of 
t  ::ZltTiiJj  acids  takes  place,  with  the  P-du^^^^^^^^ 
acids     Such  cakes  are  known  in  the  trade  as  cakes  that  have  heated 

alka™  ei.)  occLing  in  cakes  cp.  Chap  Xiy.  -^er  the  h^ 
of  individual  oils  and  fats,  "Linseed  Oil,"  "Rape  Seed  Oil,  Castor 
on  — Mowah  Shea  Butter,"  "Seed  OH."    It  has  been  shown  by 
mthers  and  Ea^/^hat  the  toxicity  of  cotton  seed  meal  is  not  caused 

K£&"aiso  be  directed  to  the  recent  practice  of  "  bleach- 
ing "C'tS^tening  ")  of  meal  by  means  of  soda  and  hypochlorites. 

(3)  Extraction  of  Oils  and  Fats  by  Means  of  Volatile  Solvents 
The  cakes  obtained  in  the  foregoing  process  ^^^^^^-f/^^^^;;* 
able  proportions  of  oil  usuaUy  10  per  ^ ^ft  Jd^hed  to  IZ 

process.    Thirteen  years  1^*^%^;  ^^^^^^^^         and  added  "  chloro- 

,    ,   ,308  f-fi  2  Journ.  Biol.  Chem..,  1913, 

1  Lanclv,.  VersuchssL,  1898,^56.^^  ^^^^^^^  ^^^^  ^^^^^ 
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For  several  years  afterwards  this  process  made  little  advance,  for  the 
colour  of  the  oils  produced  was  high,  and  the  taste  was  sharp.  The 
extracted  oil  retained  sulphur,  which  showed  itself  disagreeably  in  the 
smell  of  the  soaps  made  from  it  and  in  the  blactening  of  substances 
with  which  it  was  used.  The  meal  left  by  the  process  was  so  tainted 
with  carbon  bisulphide,  that  it  was  absolutely  impossible  to  use  the 
extracted  meal  as  cattle  food.  With  the  improvement  in  the  manu- 
facture of  carbon  bisulphide  ^  these  drawbacks  have  been  surmounted 
to  a  great  extent,  and  the  employment  of  carbon  bisulphide  has  specially 
gained  much  extension  in  the  extraction  of  expressed  olive  marc  in 
the  South  of  France,  Italy,  Spain,  and  Tunis.  But  even  at  present 
traces  of  carbon  bisulphide  are  retained  by  the  extracted  mass,  so 
that  it  is  impossible  to  feed  cattle  with  it.  Carbon  bisulphide  is  com- 
paratively cheap  ;  cheaper  than  the  commercial  benzine  used  for 
extracting  fat.  Being  heavier  than  water,  it  offers  certain  advantages 
in  the  storage,  as  the  vapours  can  be  readily  prevented  from  coming 
in  contact  with  an  open  flame.  Owing  to  the  physiological  effect  this 
solvent  has  on  the  workmen,  and  in  consequence  of  the  chemical 
action  of  impure  carbon  bisulphide  on  iron,  which  has  frequently  led 
to  conflagration,  the  employment  of  carbon  bisulphide  must  remain 
restricted. 

Petroleum  ether  was  first  introduced  by  Richardson,  Lundy,  and 
Irvine,  who  obtained  in  1863  a  patent  ^  for  extracting  oil  from  crushed 
seeds  or  from  refuse  cake  by  the  solvent  action  of  volatile  hydrocarbons 
from  "  petroleum,  earth  oils,  asphaltum  oil,  coal  oil,  or  shale  oil,  such 
hydrocarbons  being  required  to  be  volatile  under  212°  F."  The  large 
quantities  of  low-boiling  hydrocarbons  —  naphtha  —  obtained  from 
petroleum  at  moderate  cost,  as  also  improvements  in  the  apparatus 
originally  employed,  have  brought  this  solvent  in  the  forefront  when 
extracting  processes  are  considered. 

The  commercial  variety  of  petroleum  distillate  for  this  purpose  is 
usually  a  petroleum  naphtha,  boiling  between  110°  and  120°  C.,^  and 
having  the  specific  gravity  of  0-720  to  0-750.  As  the  boiling  point  lies 
above  that  of  water,  it  is  possible  to  extract,  e.g.,  moist  bones  (for  which 
up  to  recently  petroleum  benzine  was  employed  exclusively),  the  vapours 
of  the  boiling  naphtha  carrying  the  water  vapours  with  them.  Not- 
withstanding the  greater  fire  risks,  naphtha  is  preferable  to  carbon 
bisulphide,  for  the  reasons  given  already,  and  for  the  further  reason  that 
it  extracts  smaller  quantities  of  resinous  and  gummy  matters  from  the 
oil  seeds,  and  takes  up  less  colouring  matter  than  does  carbon  bisulphide. 
Hence  petroleum  ether  is  used  exclusivelylin  the  extraction  of  (linseed) 

*  For  the  manufacture  of  carbon  bisulphide  by  means  of  an  electric  furnace  ep.  E. 
R.  Taylor,  Afoniteur  scienlijique,  1909,  265. 
'  Knglish  patent  2315. 

'  Trotman  (.Tourn.  Soc.  Chem.  Ind.,  1906,  1202)  tlemandH  that  "bwizino"  for 
"dogreasing"  should  distil  at  90°  to  100"  C,  and  ahnuhl  yiehl  small  amounts  only  below 
or  above  those  limits.  It  appears  to  the  author  that  this  siiocification  should  only  apply 
to  petroleum  ether  for  special  purposes,  such  as  degreasiiig  leather.  For  the  extraction 
of  bone  fat  petroleum  ether  (of  the  Iwilitig  points  given  in  the  text)  is  mostly  used, 
although  it  would  certainly  l)e  advantageous  to  avoid  as  much  as  possible  hydrocurbons 
boiling  above  110°  C,  as  their  removal  is  both  dillicult  and  expensive. 
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rape  seed  and  castor  seed.  By  tlie  addition  of  formaldehyde  to_  seed 
before  extraction  with  petroleum  ether  the  cake  is  rendered  suitable 
for  cattle  food.^    This  must  be  accepted  with  reserve. 

Ether  has  found  no  practical  application,  as  it  is  far^  too  volatile, 
and  hence  far  too  dangerous.  Moreover  its  cost  is  too  high.  Chloro- 
form,  as  also  benzol  and  acetone,  are  far  too  expensive,  besides  offermg 
other  drawbacks  which  prevent  their  application  on  a  practical  scale. 

During  recent  years  efforts  have  been  made  to  introduce  carbon 
tetrachloride  on  a  large  scale.    This  solvent  has  a  lower  boiUng  point 
than  the  usuaUy  employed  petroleum  ether,  and  shares  with  carbon 
bisulphide  the  advantage  of  being  heavier  than  water.    Its  chief 
advantage,  however,  is  that  it  is  non-inflammable,  and  fi-om  this  point 
of  view  it  might  be  considered  an  ideal  solvent.*  As  fui-ther  advantages 
are  claimed :— Its  low  specific  heat,  its  low  latent  heat  of  evaporation, 
and  its  low  boiling  point  as  compared  with  naphtha.    But  these  shght 
advantages  are  not  a  sufficient  set-off  against  the  high  price  of  carbon 
tetrachloride,  which  is  stiU  too  high  notwithstanding  considerable 
reductions  that  have  been  made  during  the  last  few  years.    For  it  must 
be  borne  iji  mind  that  in  the  extracting  process  by  means  of  the  solvMits 
the  volume  of  the  solvent  and  not  its  weight  must  be  considered,  ihe 
specific  gravity  of  carbon  tetrachloride  being  1-632,  as  agamst  about 
0-750  of  petroleum  naphtha,  it  foUows  that  for  the  same  volume  of 
solvent  more  than  twice  the  weight  of  carbon  tetrachloride  must  be 
employed    Since  the  loss  of  solvent  may  be  taken  as  amountmg  m  each 
case  to  about  1  per  cent  of  the  weight  employed,  and  smce  carbon 
tetrachloride  costs  about  two  to  three  times  as  much  as  petroleum 
ether,  it  follows  that  the  actual  loss,  expressed  m  money  value,  must 
be  much  greater  than  in  the  case  of  petroleum  ether.    In  view  of  the 
many  costing  statements  as  regards  the  cost  of  the  carbon  tetra- 
chloride process  the  following  calculation  may  be  found  useful  (see 
table,  p.  23)  :— 

1000  kUogs.  of  petroleum  ether  require  for  heating  from  the  ordma^ 

temperature,  say  15°  C.  to  the  mean  boihng  pomt,  viz.  llo  C,  ^ 
1000x0-5  (115-15)  so'oOO 

To  vaporise  1000  kilogs.  are  reqmred  1000  x  80         .         •         •   ;  

130,000 

1000  kilogs.  of  naphtha  occupy  a  volume  of  1333-33  Itr. ;  hence  1000 
Itr.  of  petroleum  ether  require  for  vaporisation    .         •  • 

To  condense  the  vapours  from  1000  Itr.-on  tlie  assumption  tiat  to 
cooling  water  enters  the  conden^r  at  the  ^'j^-Pf         cX  wa^' 

leaves  it  with  a  temperature  of  60  C,  so  that  i  ^^^^.  01^^^^  g 
would  absorb  45  calories,-there  would  be  reqmred  ^  =2167  Itr. 

Th^famf  calculation  carried  out  for  carbon  te^-achloride,  using 
the  consSs  giVen  in  the  table  below,  shows  that  there  are  requn-ed 

1  Havburger  dlwerke  Brinckman  and  Mergell,  German  patent  application  H, 
57,783,  1912. 
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for  vaporising  1000  Itr.  of  carbon  tetrachloride,  97,151  calories,  and 
2159  Itr.  of  cooling  water  for  condensing  the  vapours.  The  difierence 
in  favour  of  carbon  tetrachloride  is  far  too  small  (even  if  lower  insurance 
premiums  be  taken  into  account)  to  counterbalance  the  difierence  in 
the  cost  of  the  amounts  of  solvents  lost.  As  a  further  drawback  must 
be  reckoned  the  fact  that  carbon  tetrachloride  attacks  iron  and  copper 
very  severely,  especially  in  presence  of  moisture,  so  that  suitable 
extraction  apparatus  must  be  lead-lined  or  tinned.  In  the  author's 
opinion  the  carbon  tetrachloride  installations  in  use,  including  those 
made  of  "  homogeneously  lead-lined  "  metal,  have  not  been  worked 
long  enough  to  demonstrate  such  durability  as  must  be  demanded  of 
proper  plant,  for  it  is  well  known  that  lead  does  not  satisfactorily 
withstand  the  corroding  action  of  hydrochloric  acid.  In  addition  to 
the  di-awbacks  enumerated,  it  must  not  be  forgotten  that  carbon 
tetrachloride  exercises  on  the  workmen  a  physiological  action  similar 
to  that  of  carbon  bisulphide,  and  that  its  vapours  are  distinctly  danger- 
ous to  life.^  Nevertheless,  several  installations  were  erected  ia  extract- 
ing works,  notably  ia  Marseilles.  It  was  contended  that  the  bone 
fat  produced  with  the  aid  of  carbon  tetrachloride  was  of  better 
quality  than  that  obtaiaed  with  the  aid  of  petroleum  ether.  Samples 
which  the  author  had  occasion  to  examine  bear  this  out,  and  the 
explanation  would  seem  to  be  given  by  the  fact  that  the  extraction 
with  carbon  tetrachloride  takes  place  at  a  lower  temperature  than  is 
the  case  with  benziae.  The  freshness  of  the  bones  employed  ia  the 
preparation  of  these  samples,  and  their  freedom  from  foreign  substances, 
such  as  naUs,  etc.,  may,  however,  have  had  a  greater  iafluence  than  the 
nature  of  the  solvent.  According  to  reliable  information  given  to  the 
author,  the  employment  of  carbon  tetrachloride  has  been  already 
abandoned  in  Marseilles. 

The  choice  would  therefore  practically  be  between  carbon  bisulphide 
and  petroleum  ether.  In  order  to  enable  the  reader  to  carry  out 
calculations  such  as  have  been  given  above,  the  following  table  is 
appended  : — 


Chemical 
Formula. 

Specific 
Gravity 
at  0°  0. 
(Water 
4°=1.) 

Boiling 
Point 

•0. 

Specific 
Heat. 

Latent 
Heat  of 
Evapora- 
tion. 

Calories. 

Vapour 
Density. 

Vapour 
Tension 
at  10'  a. 

Mini- 

metres. 

Carbon  bi- 

CSj 

1-292 

46-0 

0-157 

79-9 

2-63 

250 

siilpbido 

retroloum 

0-750 

110-120 

0-5 

80 

etlicr 

(at  15°  C.) 

Carbon  tetra- 

CC14 

1-632' 

76-5 

0-21 

46-4 

5-3 

67-1 

chloride 

'  For  tlm  examination  of  carbon  tetracliloride  cp.  L.  G.  EadclilFe,  Jmirn.  Soc.  Chem. 
Intl.,  1909,  229. 

"  W.  Hcrz  and  W.  itathmanii,  Chem.  Zeil.,  1912,  1417,  oxiiross  tlie  variation  of  tlio 
Kpecilic  gravity  witli  the  temperature  Ijy  tlio  following  formula: — d  =  1-6309 - 
0-0018943  t. 
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In  place  of  carbon  tetrachloride,  cUoro-derivatives  of  ethane  and 
ethylene  ^  have  been  prepared  on  a  large  scale  and  are  now  obtainable 
in  the  market.  The  following  table  enumerates  the  several  solvents, 
their  boiling  points,  and  specific  gravities  : — 


Specific 
Gravity. 

Specific 
Heat. 

Melting 
Point. 

Boiling 
Point  °  a. 

Diohloro-ethylene,'^  C^'H.^G]^ 
Trichloro-ethylene,  CzHClj 
Perchloro-ethylene,  C2CI4  .... 

(Tetrachloro-ethylene) 
Tetrachloro-ethane,  C2H2Cl4°  . 
Pentachloro-ethano,"  C2HCI5  . 
Hexachloro-ethane,^  CaClg  .... 

1-25 
1-47  * 
1-62  4 

1-60  4 
1-70  4 

0-223 
0-216 

0-268 
0-266 

-73 
-  19 

-36 
-22 

88 
121 

147 
159 
soKd 

Of  these  solvents,  trichloro-ethylene  has  been  used  in  a  number  of 
works,  as  it  is  possible  to  work  with  this  solvent  in  iron  vessels.  It 
must,  however,  be  pointed  out  that  trichloro-ethylene  attacks  iron  to 
such  an  extent  that  oils  and  fats  obtained  with  this  solvent  are  deeply 
coloured  by  iron  compounds.  The  attack  on  iron,  however,  is  not  so 
serious  that  iron  apparatus  could  not  be  used  for  "  off-colom-ed " 
products. 

An  essential  condition  for  the  use  of  trichloro-ethylene  is  to  reduce 
the  percentage  of  moisture  as  much  as  possible,  as  in  the  presence  of 
moisture  hydrochloric  acid  is  more  readily  formed.  It  should  also  be 
pointed  out  that  trichloro-ethylene  possesses  strong  narcotic  powers. 

Tetrachloro-ethane  and  pentachloro-ethane  are  unsuitable  solvents 

1  With  regard  to  proposals  for  the  nomenclature  of  these  chloro-dei-ivatives  cp. 

Margosches,  Chem.  Zeit.,  1913,  509,  519.  r  ^   ,  -  n 

a  Cp  German  patent  216,070  (Consortem/.  eZe/^froc/imiic/ie /nt^M«i!rie^ 
8  A  preparation  iMiling  from  53-58°  C.  was  resolved  by  W.  Herz  and  W.  Rathmann 
(Glwrn.  ZeU.,  1913,  622)  into  its  two  geometrical  isomerides,  viz.  Cxs-iovm  and  Tmns- 
form,  by  repeated  fractional  distillation.    The  two  isomendes   had   the  following 
constants:-  H-C-Cl  H  -  C  -  CI 

Cis-form  II  Tram-form  " 

H    C-Cl  Cl-C-H 


'  Cis-form. 

TmTis-forni. 

Specific  gravity  . 

>>       "         .       .  • 

Boiling  point  at  763  mm. 

at  1574°  1  -2650 
at  2574°  1  -2489 

48-8°  C. 

at  3574°  1,2321 
at  4574°  1,2153 

59-8°  C. 

d  =  l'7074  -  0  0014492  t.    Cp.  also  Chem.  Zeit.,  1913,  621. 
Cp.  German  patent  185,374. 
8  English  patent  1105,  1912. 
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for  fat  extraction,  because  they  easily  give  off  hydrochloric  acid  in 
contact  with  metals.  Although  the  addition  of  oil  of  turpentine,  which 
absorbs  hydrochloric  acid,  is  said  to  obviate  the  destructive  effect  on 
iron,  the  suitability  of  these  solvents  on  a  large  scale  must  still  be 
considered  an  open  question,  quite  apart  from  the  feature  that  their 
high  boHing  points  would  render  their 
employment  uneconomical. 

The  relative  toxicity  of  some  of  the 
chloro-hydrocarbons  is  given  by  K.  B. 
Lehmann,^  the  toxicity  of  carbon  tetra- 
chloride being  taken  as  unity  as  follows  : — 
CCI4  =  1 ,.  C2CI4  =  1-6,  C2HCI2  =  1-7,  C2H2CI2 
=  1-7,  CHCl3  =  2-2,  C2HCl5  =  6-2. 

Liquid  sulphurous  acid  has  been 
claimed  as  a  solvent  by  W.  Grillo  and  N. 
Schroeder,^  but  it  has  not  found  applica- 
tion in  the  practice  of  oil  and  fat  extrac- 
tion. It  would  seem  that  liquid  sulphurous 
acid  is  more  suitable  for  the  purification  of 
mineral  oUs,  as  applied  in  Edeleanu's 
process.^ 

Liquid  carbonic  acid  has  been  claimed 
as  a  fat  solvent  by  A.  Sachs, ^  but  for 
obvious  reasons  this  has  not  been  found 
suitable. 

With  regard  to  acetone  and  its  higher 
homologues,  and  to  toluene,  cp.  Vol.  III. 
Chap.  XVI. 

The  type  of  apparatus  employed  on 
a  large  scale  depends  on  the  temperature 
at  which  the  extraction  is  carried  out.  If 
the  extraction  is  effected  in  the  cold  (a 
procedure  which  must  be  considered  pre- 
ferable as  regards  fire  risk  in  the  case  of 
inflammable  solvents),  the  seed  is  placed 
in  a  series  of  closed  vessels  through  which 
the  solvent  percolates  on  the  counter- 
current  system.  The  battery  of  vessels 
is  so  arranged  that  any  one  vessel  can  be 
made  the  last  of  the  series,  ready  to  dis- 
charge the  extracted  meal,  and  to  be 
refilled  with  fresh  meal,  so  that,  with  the  exception  of  the  time  required 
for  discharging  and  recharging,  the  process  is  a  practically  continuous 
one.  The  solution  of  extracted  oil  or  fat  in  the  solvent  is  then  trans- 
ferred to  a  steam-heated  still,  where  the  solvent  is  driven  off,  and 
recovered  by  condensing  the  vapours  in  a  cooling  coU,  to  be  used  again 
and  again.    The  traces  of  volatile  solvents  retained  by  the  oil  or  fat 

1  Gliem.  Zeit.  Rep.,  1911,  449.  ^  German  patent  5360,  1889. 

'  German  patent  216,459.  ^  German  patent  163,057,  1904. 
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are  driven  ofi  by  a  current  of  open  steam,  which  is  blown  through 
the  oil  or  fat  in  the  warm  state. 

The  extracting  processes  in  the  hot  are  carried  out  in  apparatus  the 
principle  of  which  is  illustrated  by  Fig.  7.  (It  should  be  noted  that  the 
condenser  is  not  shown.) 

More  elaborate  forms  of  apparatus  employed  on  a  large  scale  are 
designed  on  the  principle  involved  in  the  Soxhlet  extractor.  The 
extraction  thus  takes  place  uninterruptedly,  with  a  limited  amount 
of  solvent  charged  once  for  all  into  the  apparatus.    When  the  seed 
is  deemed  completely  exhausted,  the  vessel  containing  the  seed  is 
disconnected  by  closing  taps  between  the  oil-containing  vessel  and  the 
condenser,  so  that  the  volatile  solvent  can  be  immediately  distilled 
ofi  and  condensed,  whHst  the  meal  is  freed  from  the  last_  traces  of 
volatile  solvent  by  open  steam,  and  the  seed-containing  vessel  is  emptied 
and  recharged  with  fi-esh  seed.    More  compact  stiU  are  extractors 
Ulustrated  by  that  form  of  laboratory  apparatus  in  which  the  meal- 
containing  vessel  is  placed  inside  the  flask  charged  with  the  solvent 
Thus  in  some  form  of  extractors  a  basket  containing  the  crushed  seed 
is  placed  on  a  support  at  some  height  above  the  bottom  of  the  vessel ; 
in  other  forms  the  seed  is  placed  in  trays  arranged  one  above  the  other. 
The  vessel  is  then  charged  with  the  solvent,  so  that,  on  heatmg,  the 
vapours  of  the  solvent  pass  through  and  around  the  seed,  whilst  that 
portion  which  leaves  the  vessel  in  the  form  of  vapour  is  condensed  m 
a  separate  condenser,  from  which  the  Hquefied  solvent  faUs  back  again 
to  percolate  the  seed.    FinaUy,  when  the  meal  is  exhausted,  the  solvent 
is  driven  ofi  with  the  aid  of  steam  (if  permissible),  condensed,  and 
collected  in  a  separate  vessel. 

Frequent  attempts  have  been  made  to  mtroduce  a  reaUy  con- 
tinuous process  of  extraction.  On  the  principle  of  the  counter-current 
svstem,  the  mass  to  be  extracted  is  moved  continually  m  a  series  ot 
tubes  or  vessels  through  the  solvent,  so  that  at  the  one  end  of  the 
apparatus  the  solvent  charged  with  fat  is  f  V^f^ 

apparatus,  whereas  at  the  other  end  of  the  battery  the  extracted  meal  is 
dlcharged  into  a  vessel  to  be  freed  from  the  last  traces  of  adhering 
so  vent  Apparatus  of  this  kind  have  been  patented  by  St^enson^ 
E  Zailjl.  Mitchell,^  J.  E.  Mills  and  H  B  Battle^  (m  the  name 
of  P  M  Justice),  J.  Eisenherger,^  E.  Evans,^  and  many  others.  But, 
hitherto,  none  of  these  apparatus  have  met  with  extended  use.  _ 

sTnc;  apparatus  of  the  type  described  here  are  illustrated  m  th 
catalo  gues  and  advertisements  of  engineering  firms,  no  useful  purpose 
can  beCved  by  reproducing  them  in  this  work.  Nor  does  it  appear 
TeceLy  to  enumerate  the  very  large  number  of  patents  which  have 
been  taken  out  during  the  last  twenty-four  years.  For  fully  lUus  rated 
SLcts  ofVse  pafents  the  reader  must  be  referred  to  the  volumes 
ni  Journal  of  the  Society  of  Chemical  Industry. 
"'%  JZe  solLts  are  used  in  practice  for  the  extraction  of  seeds 

:  English  patent  28  310  1902.  ^  ^:^X'^'^'^^0^- 
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such  as  soya  beans,  rape  seed,  castor  seed,  etc.  They  are  also  employed 
for  extracting  oil  from  damaged  seed  (sesame)  which  would  not  yield 
edible  oil,  and  from  damaged  cakes  and  generally  from  cakes  which  are 
imfit  for  cattle  food  (oUve  pulp,  etc.).  Considerable  quantities  of  cocoa 
nut  oil  and  palm  kernel  oil  are  prepared  by  extraction,  where  the  oil  is 
more  valuable  than  the  meal. 

The  seed  for  treatment  with  volatile  solvents  is  prepared  in  a  similar 
manner  as  for  pressing,  except  that  the  seed  is  not  reduced  to  a  fine 
meal,  which  would  prevent  the  free  percolation  of  the  solvent  through 
the  mass.  Since  extracted  oil  can  never  be  used  for  edible  purposes 
(notwithstanding  frequent  statements  by  interested  parties),  the  pre- 
liminary cleaning  of  the  seed  is  not  carried  out  as  carefully  as  must  be 
done  in  the  case  of  seeds  destined  for  the  manufacture  of  edible  oils  and 
fats ;  nor  is  the  preliminary  warming  of  the  seed  necessary,  as  the 
moisture  contained  in  the  seed  does  not  ofier  a  serious  obstacle  to 
thorough  extraction.  In  the  case  of  olive  pulp,  however,  the  removal 
of  the  bulk  of  water  (by  drying)  is  imperative. 

The  removal  of  the  solvent  from  the  extracted  seed  offers  difficulties, 
as  the  meal  very  tenaciously  retains  the  solvent.  If  open  steam  be 
passed  into  the  mass,  to  drive  off  the  last  traces  of  the  solvent,  the  meal 
sufEers  loss  in  feeding  value — ^provided  such  meal  can  be  used  as  cattle 
food  (see  below).  It  is  therefore  preferable  to  dry  the  meal  in  special 
apparatus,  similar  to  those  used  in  breweries  for  breaking  up  and 
discharging  the  refuse,  the  seed  being  dried  in  shallow  layers  while  it  is 
being  continually  turned  over  by  a  mechanically  actuated  raking  fork. 

In  order  to  avoid  drying,  Bergman  and  Berliner'^  suggest 
displacement  of  the  solvent  ^  by  washing  the  extracted  mass  with 
acidulated  water,  or  with  dilute  salt  solutions.  Whereas  this  process 
might  be  useful  for  substances  like  leather,  etc.,  it  is  entirely  unsuit- 
able for  meal  from  oleagiaous  seeds.  In  a  later  patent  Berliner^ 
suggests  heating  the  oil-  or  fat-containing  material  with  the  same  oil 
or  fat  until  the  water  is  driven  ofE,  as  a  preparatory  operation  to  the 
extraction  with  volatile  solvents. 

The  extensive  use  of  the  extraction  process  ia  the  treatment  of  olive 
residues  and  bones  has  been  referred  to  above.  Notable  efforts  have 
been  made  recently  to  extend  the  extracting  process  to  waste  products, 
such  as  residues  from  the  preparation  of  whale  oil,  seal  oil,  and  fish  oil, 
also  to  the  extraction  of  tanned  leather,  and  of  all  kinds  of  fat-containing 
refuse,  such  as  ofial,  garbage,  greasy  rags  (cp.  Vol.  III.  Chap.  XVI.), 
and  to  the  recovery  of  fat  from  fuller's  earth,  used  in  filtering,  etc. 

The  fact  that  it  is  not  necessary  to  dry  the  substances  previous 
to  their  extraction  with  petroleum  ether  has  been  made  use  of  by  several 
patentees.  Thus,  Kaleczoh  *  first  suggested  the  treatment  of  bones, 
without  previously  drying  them,  with  benzine  vapours  to  extract  the 
fat,  the  condensed  vapours  of  benzine  and  water  being  separated  in  a 
special  vessel.    Whereas  in  this  case  only  small  quantities  of  water  are 

»  German  patents  1.57,406  ;  157,407  ;  101,648. 

French  patent  335,964. 
^  German  patent  197,725  ;  cp.  also  Zipsor,  Engliali  patent  12,321,  1912. 

German  patent  81,560. 
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present,  the  extraction  of  substances  containing  considerable  amounts 
of  water  (such  as  fruits)  with  benzine,  chloroform,  carbon  tetrachloride, 
carbon  bisulphide,  acetone,  and  ether  is  claimed  by  N ass-Extraction, 
G.m.b.H.i  r^i^Q  patentees  distinctly  exclude  petroleum  ether  as  offering 
serious  drawbacks  to  this  treatment. 

With  regard  to  the  merits  and  demerits  of  the  last  two  kinds  of 
processes  described — expression  and  extraction  with  the  aid  of  solvents — 
the  adoption  of  either  will  largely  depend  on  local  factors  and  on  the 
purpose  for  which  the  resulting  products  are  intended. 

It  is  obvious  that  extraction  processes  cannot  be  employed  for  the 
preparation  of  edible  oils  and  fats,  for  however  carefuUy  the  last  traces 
of  solvents  may  be  removed,  there  is  left  sufficient  to  impart  to  the  oil 
or  fat  a  nauseous  taste,  rendering  it  entirely  unfit  for  consumption. 

Extracted  oils  and  fats  can,  therefore,  only  be  used  for  techmcal 
purposes. 

Extracted  meal  should  also  be  considered  unfit  for  cattle  feedmg, 
notwithstanding  the  many  statements  of  interested  parties,  viz.  :  that 
the  meal  is  fit  for  this  purpose,  and  possesses  even  a  greater  value  than 
expressed  cakes  on  account  of  its  higher  proportion  of  albummoids  and 
carbohydrates  when  contrasted  with  press  cakes.    The  oil  or  fat  m  an 
expressed  cake  has  undoubtedly  a  certain  value  from  a  stock-raismg 
point  of  view,  whilst  extracted  meal  to  which  is  added  so  much  oil  or 
fat  as  to  equal  the  proportion  contained  in  the  pressed  cakes  has  not 
the  same  nourishing  value.    This  holds  good  even  if  we  leave  out  of 
account  the  contamination  of  the  meal  with  the  non-removable  portion 
of  the  volatile  solvent.    In  Germany  extracted  meal,  especially  rape 
meal  from  good  Indian  seed  and  palm  kernel  meal,  is  stated  to  be  largely 
used  as  food  for  cattle,  in  admixture  with  press  cakes  (manufacture 
of  compound  cakes).    But  against  this  must  be  set— and  rightly  setr- 
the  rule  of  the  Deutsche  Landwirtschaft  GeseUschaft,  not  to  buy  any 
extracted  meal  wHch  is  looked  upon  as  an  adulterant  if  admixed  with 
press-cake  meal.^    It  is  stated  that  some  extracted  meal  is  put  into  cakes 
also  in  this  country,  but  this  practice  must  be  condemned,  and  the  bulk 
of  the  extracted  meal  finds  its  proper  use  in  manurmg  the  land. 

Wherever  the  cake  is  the  main  product,  the  process  of  expression 
wiU  commend  itself  as  the  more  advantageous  one.  With 
regard  to  those  fruits  and  seeds,  however,  the  fatty  material  of 
which  forms  the  main  product,  as  in  the  case  of  palm  kernel  oil  and 
cocoa  nut  oil,  the  economical  factor  militates  to  a  much  srnaUer  degree 
against  the  extracting  process,  especiaUy  when  it  is  possible  to  dispose 
of  the  extracted  meal  for  feeding  purposes.  It  may  however,  be  added 
that  whUst  cattle  wiU  take  cakes  containing  extracted  palm  kernel  oU, 
thev  will  not  eat  extracted  cocoa  nut  cake. 

In  special  cases,  notably  in  the  manufacture  of  ohve  oils  (cp.  Chap. 

offered  iu  the  market  as  cattle  food. 
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XIV.  "  Olive  Oil "),  a  combination  of  the  two  processes  commends 
itself.  The  combined  method  consists  in  expressing  most  of  the  oil 
for  edible  purposes,  etc.,  and  then  extracting  the  partially  expressed 
material  with  volatile  solvents,  in  order  to  recover  the  oil  left  in  the 
press  cakes.  This  combined  process  is  known  on  the  Continent  under 
the  name  "  mixed  process  "  {huilerie  mixte). 

Whilst  the  process  of  expression  is  free  from  danger,  the  process  of 
extraction  involves  risks  of  fire  if  inflammable  solvents  are  used.  But 
even  with  non-inflammable  solvents  there  is  a  risk  of  explosion  through 
carelessness  on  the  part  of  the  operator.  As  explosions  have  actually 
occurred  in  practice  through  some  such  cause,  a  warning  note  may  not 
be  superfluous. 

The  entrance  of  air  into  the  vessels  used  for  extracting  volatile 
solvents  must  also  be  guarded  against,  as  herein  lies  another  source  for 
explosion. 

A  contrivance  for  introducing  the  seed  in  the  absence  of  air  has 
been  patented  by  the  Maschinenbau-Gesellschaft  Martini  &  Hiineke 
G.m.b.H.i 

If,  in  the  process  of  expression,  the  cakes  are  finally  reduced  to  meal, 
proper  precautions  must  be  taken  to  remove  the  dust  efficiently,  as  the 
meal  dust  forms  with  air  a  dangerous  mixtm-e  which  can  be  brought  to 
an  explosion,  as  by  a  spark  from  an  electric  motor,  etc.^ 

Greater  stiU  is  the  danger  attending  the  comminution  of  extracted 
seed-meal. 

Commercial  Ppeparation  of  Waxes 

The  most  important  waxes,  from  a  commercial  point  of  view,  are 
the  liquid  waxes — sperm  oil  and  Arctic  sperm  oil.  These  are  prepared 
on  a  large  scale  in  the  same  manner  as  the  animal  oils  (Chap.  XIV.). 
In  the  case  of  sperm  oil  from  the  head  cavities,  the  solid  wax,  spermaceti, 
is  recovered  by  processes  described  below  under  "  demargarinating." 
With  regard  to  the  solid  waxes,  frequent  attempts  have  been  made  to 
obtain  wool  grease,  the  raw  material  for  the  manufactm-e  of  wool  wax 
(lanoline),  from  raw  wool  by  extracting  with  volatile  solvents.  For 
this  purpose  methods  described  above,  under  process  3,  have  been 
employed,  and  the  solvents  actually  used  were  carbon  bisulphide  and 
petroleum  ether.  Kecently  also  carbon  tetrachloride  has  been  recom- 
mended, but  it  does  not  appear  to  have  been  used  on  a  large  scale.  As 
the  wool  fibre  suffers  under  the  treatment  with  solvents,  the  extracting 
process  is  used  to  a  very  limited  extent  only.  (Cp.  Vol.  III.  Chap.  XVI. 
"  Wool  Grease.")  Most  of  the  wool  grease  is  obtained  by  scouring  the 
wool  with  soap  or  solutions  of  alkaliae  carbonates  or  both.  This 
process  may  therefore  be  likened  to  the  first  process  described  under 
the  heading,  "  Commercial  Preparation  of  Oils  and  Fats." 

Although  beeswax  forms  an  important  article  of  commerce,  the 
preparation  of  the  crude  wax  must  be  considered  a  kind  of  home  industry 

'  aerman  patent  232,614,  1910, 
Report  by  H.M.  Inspector  of  Factories.    Cd.  6223. 
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in  which  such  simple  machiaery  as  a  hydro-extractor,  mostly  worked 
by  hand,  for  separation  of  the  honey  from  the  comb,  is  used.  In 
beeswax  candle  works,  where  crude  wax  is  refined,  the  accumulated 
residues  are  subjected  to  pressure  ia  a  hydraulic  press,  or  (and)  finally 
extracted  with  volatile  solvents.^  The  apparatus  used  in  this  case  is 
fashioned  upon  the  plant  described  under  processes  2  and  3  under 
"  Commercial  Preparation  of  Oils  and  Fats." 

The  preparation  of  the  other  animal  waxes,  and  that  of  the  vegetable 
waxes,  remains  an  industry  in  which  hand  labour  is  almost  exclusively 
employed.  Eecently,  however,  extractiag  apparatus  of  the  type  used 
for  extracting  seed  has  been  proposed  for  the  recovery  of  sugar  cane 
wax  from  filter  press  mud  and  other  vegetable  waxes  {Wijnberg  ^) ; 
C.  Hill?  F.  Thatcher  *  (for  candelilla  wax  5). 


Refining  and  Bleaching  (Decolourising)  Oils,  Fats,  and  Waxes 

The  oUs  and  fats  prepared  by  the  methods  detaUed  above  from 
perfectly  fresh  ("  sweet  ")  material  are,  in  their  fresh  state,  practicaUy 
neutral  If  care  be  exercised  in  rendering  animal  oHs  and  fats,  or  in 
expressing  vegetable  oils  from  fruits  or  seeds,  the  products  are  fcequently 
sufficiently  pure  to  be  immediately  worked  up  in  those  manufacturing 
processes  ia  which  they  are  used  as  raw  materials.  Examples  of  this 
kind  are  taUow,  cocoa  nut  oil,  linseed  oH.  Even  edible  oils  and 
fats,  such  as  cod  hver  oU,  olive  oil,  suet,  lard,  and  goose  fat,  were 
formerly  frequently  deUvered  to  the  consumer  immediately  after 
preparation.    The  same  remarks  apply  in  a  general  way  to  the 

preparation  of  waxes. 

The  majority  of  oils  and  fats,  especiaUy  those  prepared  at  a  some- 
what elevated  temperature,  contain  as  a  rule  raucilagmous  matter 
colouring  substances,  and  other  impurities,  as  also  free  fa  y  acids 
apart  from  gross  mechanical  impurities  such  as  fibres,  etc.  ihey 
Ker  coutaS,  as  a  rule,  smaU  proportions  of  moisture,  which  are  the 
cause  of  their  appearing  turbid  in  then:  Uquid  state. 

Excepting  those  cases  where  the  colourmg  matter  can  only  be 
removed  by  treatment  with  chemicals  (cotton  seed  oil,  palm  oil)  a 
considerable  amount  of  the  impurities  is  eUmmated  by  spontaneous 
'S:^^::^,  the  oUs  and  fats  bemg  aUowed  to  rest  for  some  prolonged 
time  when  moisture,  mucHaginous  matter,  etc.,  settle  out.  A  notable 
xTmpTe  is  furnished  by  lin'seed  oH,  which 

storage  ("tanking")  a  spontaneous  purification,  ^  ^^"^'^J'^^^^.v 
which  its  drySig  properties  are  considerably  improved  (see  Chap 
"Seed  or').    This  self-purification  is  greatly  assisted  by  the  low 
temperature  t^  the  oil  in  the  store  tanks  is  exposed  m  wmter, 

3  UuTted  States  patent  1,003,259. 

■»  United  States  patent  1,056,378.  j^j^  ^^^^^  j,„g  l^eeli 

6  Apparatus  for  extracting  Candelilla  wax 
patented  by  W.  S.  Watson,  United  States  patent  1,058,648. 
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the  mucilaginous  matter  being  much  more  insoluble  at  temperatures 
below  zero  than  at  the  ordinary  temperature.  The  application  of 
artificial  cooling  for  this  purpose  has  been  patented  by  Niegemann.^ 
Cp.  also  T.  Buchanan's  process  ^  for  rapidly  heating  and  rapidly  cooling 
linseed  oil. 

This  method  can  obviously  only  be  applied  to  those  oils  which 
remain  liquid  at  temperatures  below  zero  (Chap.  XIV.  "  Drying  Oils  "). 
OUve  oil(dissolves  a  small  quantity  of  water  at  20°  C.  which  will  separate 
at  15°  C.  and  make  the  oil  turbid.  In  other  cases  the  mucilaginous 
substances  are  coagidated  at  temperatures  near  the  boiling  point  of 
water  and  thus  settle  out  more  readily.  Therefore,  washing  the  oils 
and  fats  with  boUing  water  usually  leads  to  a  considerable  improvement 
in  quality.  Thus  medicinal  castor  oil  is  refined  by  treatment  with 
steam  alone  (see  Chap.  XIV.  "  Castor  Oil  "). 

In  modern  establishments  the  process  of  clarifying  is  much  shortened 
by  filtering  the  oils  and  fats  through  a  filter  press  (or  other  kind  of 
filter)  at  a  suitable  temperature,  or  brightening  them  by  blowing  with 
air.^  In  many  cases  these  or  similar  methods  sufi&ce  for  the  production 
of  commercial  oils  and  fats. 

Free  fatty  acids,  if  present  in  the  crude  oils  and  fats,  remain,  of 
course,  dissolved  in  the  neutral  glycerides.  It  is  therefore  evident 
that  oils  obtained  by  such  simple  methods  of  purification  can  only  be 
used  in  those  industries  where  the  presence  of  free  fatty  acids  ofiers 
no  serious  objection,  such  as  in  the  candle-making  and  soap-making 
industries.  In  other  industries  exception  must  be  taken  to  the  presence 
of  free  fatty  acids.  Thus  tallow  and  oHve  oil  containing  a  high  pro- 
portion of  free  fatty  acids  are  unfit  for  lubricating  purposes  ;  and  rape 
oil  containing  a  high  percentage  of  free  fatty  acids  is  unsuitable  as  a 
burning  oil.  In  such  cases  the  free  fatty  acids  must  be  removed  by 
treatment  with  alkalies  or  alkaline  earths. 

The  highest  grade  of  purity  is  demanded  of  products  intended  for 
edible  purposes.  In  order  to  attain  this  object  not  only  must  the  raw 
material  (seed,  fruit,  animal  tissue)  be  carefully  selected,  and  worked 
up  in  as  fresh  a  state  as  possible,  but  the  process  of  rendering  must  be 
carried  out  with  especial  care.  It  has  been  shown  above  (Vol.  I.  Chap. 
I.)  that  contact  of  oils  and  fats  with  the  organic  matter  fr'om  which 
they  have  been  obtained  (marc  of  fruit  or  animal  tissues  or  other 
nitrogenous  substances,  such  as  casein)  leads  to  accelerated  formation 
of  free  fatty  acids,  which  in  their  turn  seem  to  dissolve  foreign  matters. 
Therefore  not  only  rapidity  in  the  treatment  of  fresh  material  but  also 
the  greatest  cleanliness  is  required  in  the  preparation  of  edibte  oils  avd 
fats.  Exclusion  of  air  so  as  to  prevent  deterioration  through  oxidation 
is  of  the  greatest  importance  in  the  manufacture  of  readily  oxidisable 
oils  such  as  cod  liver  oil.  But  even  more  resistant  oils,  such  as  cotton 
seed  oil,  lard  oU,  etc.,  intended  for  edible  purposes,  should  not  be  exposed 
to  the  air  in  thin  layers  at  elevated  temperatiu:es. 

In  order  to  remove  colouring  matters,  edible  oils  and  fats  are  filtered. 

'  Germnn  patent  163,066.  ^  English  patent  10,326,  1905. 

Cp.  H.  BaiTinger,  English  patent  22,401,  1909. 
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Formerly  filter  paper  ^  (see  p.  122)  and  cotton  wool  ^  were  used,  and  are 
to  some  extent  still  used  in  small  establishments.  In  modern  works 
filtration  over  charcoal  or  over  natural  absorbent  earths,  such  as  fuller's 
earth,^  Florida  earth,*  etc.,  is  resorted  to.  Not  all  kinds  of  earth  are 
suitable  for  this  purpose.  Difierent  kinds  of  earth  found  in  different 
parts  of  the  world  differ  considerably  in  their  action.  Thus  fuller's 
earth  mined  in  England  is  preferable  to  Florida  earth,  which,  though 
extremely  suitable  for  mineral  oils,  is  frequently  inoperative  if  applied 
to  vegetable  oils  and  fats.  It  is  impossible  to  state  general  rules,  for 
here  also,  as  is  so  frequently  the  case  in  the  oils  and  fats  industries,  the 
behaviour  of  each  individual  oil  and  fat  must  be  studied  specially  as 
to  the  most  suitable  condition  of  the  powdered  earth,  the  best  tempera- 
ture, and  the  length  of  treatment,  all  of  which  conditions  exercise  a 
considerable  influence  on  the  success  of  the  bleaching  (refining)  pro- 


cesses ^ 


With  the  exception  of  alkalies  or  alkaline  earths  for  the  removal 
of  smaU  quantities  of  free  fatty  acids  (and  in  the  case  of  edible  cotton 
seed  oil  for  the  simultaneous  removal  of  the  colouring  matter),  which 
may  be  present  in  the  crude  oUs  and  fats,  no  chemicals  must  be  used  m 
the  purifying  of  edible  oils  and  fats,  and  even  this  mild  treatment  with 
chemicals  is  avoided  by  some  patentees  (see  Vol.  III.  Chap.  XV. 
"  Vegetable  Butter  ").  Notwithstanding  the  large  number  of  patents 
which  claim  effective  purification  by  means  of  chemicals,  no  chemically 
treated  oU  or  fat  can  be  looked  upon  as  a  product  fit  for  human  con- 
sumption. Methods  for  the  preparation  of  edible  oHs  and  fats,  which 
wiU  be  described  in  Vol.  III.  Chap.  XV.,  embrace,  therefore,  exclusively 
(if  we  except  the  treatment  with  alkalies  or  alkahne  earths)  physical 
methods— such  as  washing  with  hot  water,  filtering  over  ammal  char 
or  fuller's  earth,^  etc.  Where  required,  it  is  preceded  by  a  process  ot 
deodorisation  (as  in  the  case  of  edible  cocoa  nut  oU)  which  consists  m 
the  purification  by  means  of  steam.  (For  further  information,  see  Vol. 
■  III  Chap  XV.  "  Edible  OUs  and  Fats,"  "  Vegetable  Butter.  ) 

The  waxes  being  unfit  for  edible  purposes,  no  such  elaborate  process 
of  refining  ^  is  required  as  in  the  case  of  edible  oils  and  fats. 

1  A  special  filter  paper  for  filtering  oils  in  works  is  supplied  by  C.  ScHeicher  and 

^'^^  AnS^ool  as  a  filtering  medium  is  patented  by  Soc.  Franyaise  des  Mati^res 
Filtrantes  (G.  Trusson  et  Cie)  in  French  patent  412,677. 

3  For  an  earth  prepared  from  clayey  schist  cp.  L.  G.  Hill,  irencn  pateni 

patent  20,650,  191U  ,  tne  sa.nie  ^         ^      j     ^  Schilling  German 

;'.i.T23^:'2Tnu%i:f^^^^  »^  ^vs.). .... 

-'vs^.'it=:st:Ts:^ssr;^  "«^^ 

'"i'Th.  reoo.er,  of  oil  from  ma  n..a  MUr-s  «Mh  ta.  fcme.l  tbe  ml.j.cl  of  mmy 
p..J^.;.=o'..,f*.H»l,U^^^^^^^^^ 

1910;  N.  Sulzberger,  United  States  patent  9b8,UJ^  ,   n.  «  , 
^^VKambara  earth,  Jonrn.  Ind.  Eng.  Ohem.,  1912,  891. 
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Nor  do  oils  and  fats  destined  for  commercial  purposes  require  such 
extreme  care  in  refining  as  do  the  edible  qualities.  The  removal  of 
the  free  fatty  acids,  as  also  the  improvement  of  the  colour,  if  need  be, 
by  filtering  over  char  ^  or  fuller's  earth,  is  carried  out  in  a  similar  manner 
to  that  described  above  with  oils  and  fats  intended  to  serve  as  burning 
oils,  paint  oils,  lubricating  oils,  etc.  (see  Vol.  III.  Chap.  XV.).  Since 
the  taste  is  not  of  paramount  importance  in  judging  the  quality  of 
commercial  oils  and  fats,  bleaching  by  exposure  to  the  air  and  sunlight 
can  be  resorted  to.  Methods  of  this  kind  are  applied  to  linseed  oil  for 
artists'  purposes,  as  also  to  the  bleaching  of  beeswax  (see  Chap.  XIV. 
"  Beeswax  ").  Marine  animal  oils  also  are  thus  bleached,  but  it  should 
be  noted  that  such  oils  imdergo  oxidation  at  the  same  time,  for  the 
soaps  obtained  from  insolated  marine  animal  oUs  are  dark. 

Under  this  head  also  falls  the  process  of  bleaching  oils  by  exposure 
to  the  Cooper  Hewitt  mercury  lamp.  Genthe  ^  bleaches  linseed  oils  in 
this  manner  for  purposes  of  varnish  manufacture  (cp.  p.  59) ;  he  also 
prepares  "  boiled  oil "  by  exposing  raw  linseed  oil  to  the  ultra-violet 
Hght  of  an  "  uviol  "  lamp  (cp.  Vol.  III.  "  BoHed  Oils  "  and  "  Oxidised 
Oils  from  Drying  Oils  ").  Recently  vegetable  oils,  stated  to  have 
been  bleached  by  exposm-e  to  ultra-violet  rays,  have  been  placed  on  the 
market  under  the  name  of  "  Uviol  oils  "  ;  no  published  information 
as  to  these  oils  is  available. 

Crude  oils  and  fats,  as  also  those  beeswaxes  which  are  more  or  less 
deeply  coloured,  require  more  elaborate  processes  of  refining,  and  in 
most  cases  a  treatment  with  chemicals  is  resorted  to  in  the  first,  instance. 

The  greatest  possible  stress  must  be  laid  on  the  fact  that  there  is 
no  universal  method  of  refining  which  is  applicable  to  every  and  any 
oil,  fat,  or  wax. 

In  many  cases  purification  by  means  of  sulphuric  acid,  invented 
and  patented  by  Charles  Gower  in  1792  (and  frequently  ascribed  to 
Thenard)  is  still  usefully  employed,  as  in  the  refining  of  linseed  and 
rape  oils.  The  method  consists  in  treating  the  oil  or  fat  with  a  small 
percentage  of  more  or  less  concentrated  sulphuric  acid— according  to 
the  nature  of  the  oil  or  fat.  The  acid  not  only  takes  up  water,  but  acts 
on  the  suspended  impurities,  carbonising  them  to  some  extent,  thus 
causing  them  to  coagulate  and  separate  out  in  the  form  of  a  flocculent 
mass,  which  falls  down  and  carries  with  it  mechanically  other  impurities 
which  have  not  been  acted  upon. 

Another  general  method,  viz.  :  the  purification  by  means  of  strong 
caustic  soda,  has  been  recommended  by  Louis  C.  Arthur  Barreswil  at 
the  beginning  of  the  last  century,  his  suggestion  being  to  heat  the  oil 
or  fat  and  add  2-3  per  cent  of  a  concentrated  caustic  soda  solution.  In 
most  cases  the  purification  consisted  merely  in  the  removal  of  the  free 
fatty  acids  present,  the  caustic  soda  forming  with  the  free  fatty  acids  a 
soap  which  either  rises  as  a  scum  and  lifts  up  with  it  impurities,  or  falls 
down  to  the  bottom  and  carries  down  impurities.    As  a  rule,  however, 

'  Hence  F.  M.  Borborioli  (Gcrirmii  patent  246,957)  patents  n  nietliod  of  refinine  with 
very  flilute  solutions  of  nlicali. 

^  Gorman  patents  195,663,  223,419. 
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this  method  is  a  very  precarious  one,  as  emulsions  are  formed  which 
in  many  cases  altogether  prevent  the  separation  of  the  oil  (see  Vol.  iii. 
Chap  XV  )  After  the  treatment  with  acid  or  alkah  the  oils  or  tats 
are  washed  with  water  to  remove  the  last  traces  of  chemicals  and  are 
then  further  treated  by  the  physical  methods  described  above. 

The  number  of  chemical  processes  which  have  been  proposed  from 
time  to  time  for  the  last  120  years,  and  which  are  still  being  copied  and 
perpetuated  from  old  text-books,  is  almost  legion.    So  long  as  the 
chemical  nature  of  oils  and  fats  was  little  understood,  a  secret  trade 
in  oil-purifying  chemicals  flourished.    It  has  not  yet  died  out  com- 
pletely  nor  has  the  number  of  patent  specifications  claimmg  the 
most  extravagant  results  decreased  considerably.    But  our  present 
knowledge  enables  us  to  remove  most  of  these  chemicals  into  the  Umbo 
of  useless  things.    Too  much  stress  cannot  be  laid  on  the  necessity  ot 
regarding  the  bleaching  of  each  individual  oil  or  fat  as  a  problem  sm 
generis,  and  of  recognising  that  the  processes  adopted  on  a  manufacturing 
scale  must  vary  greatly  with  the  nature  of  each  ^^^mdu^^  "f. 
In  this  chapter  it  is  only  intended  to  give  a  general  survey  of  this  subject 
on  the  broadest  possible  outlines.    For  the  processes  applied  m  practice 
the  reader  must  be  referred  to  the  individual  oils  fats,  and  waxes 
enumerated  in  Chapter  XIV.,  as  also  to  Vol.  HI.  Chapters  XV^  and 
XVI.    It  must  therefore  suffice  here  to  glance  very  briefly  at  the 
chemical  methods  employed  on  a  large  scale.  _ 

Bleaching  by  the  aid  of  chemicals  requires  great  cn-cumspection, 
the  obiect  of  bleaching  being  merely  to  remove  or  destroy  foreign 
substances  which  impart  an  objectionable  colour,  or  other  undesirable 
proper^^^^^^  oH  or  fat.    The  chief  attention  of  the  operator  must 

t Wf ore  be  directed  to  treating  the  raw  material  m  such  a  manner  that 
tSatt"  matter  itself  is  not  acted  upon.  For  this  purpose  — 
of  chemicals  must  be  limited  to  the  smallest  possible  quantity,  the 
at  wHch  they  are  aUowed  to  act  must  be  as  low  as  possible, 
and  the  time  of  interaction  must  be  as  short  as  possible 

General  methods  of  bleaching,  the  apphcations  of  which  will  be 
descrS  Lder  the  headings  of  those  individual  oUs  and  fats  for  which 
they  are  1st  suitable,  are  :  (1)  bleaching  by  means  of  oxygen  ,  (2) 

(ultra-violet  light,  op.    LmMed  Od,   p.  45V  '  ^i^^t^cal 

worfd  also  fall  those  processes  where  ozone  '^  f^"^^".."^-^  qj, 
„,ethods,  as  in  *  /fe»y«W.  pro-s  -e  Ch  P  ^^^^^^  ^^h  )^ 

^  h^\=l;oTa^?e^:I^  *hon«h  it  is  praetisea  ^ 
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success  in  some  special  instances.  Bleaching  by  oxygen  in  statu  nascendi 
is  chiefly  effected,  by  employing  manganese  dioxide  or  potassium  bi- 
chromate (less  frequently  permanganate),  and  sulphuric  acid. 

The  chemical  reactions  involved  are  expressed  by  the  following 
three  equations : — 

(1)  MnOa   +  SO4H2    =S04Mn+H20  +  0; 

(2)  CraOjKj+SSO^Ha  =  (SOJ3Cr2+2S04KH+4H20+30  ; 

(3)  Mn208K2+4S04H2  =2S04Mn+2S04KH+3H20+50. 

Hydrogen  peroxide,  sodium  peroxide,  calcium  peroxide,  barium 
peroxide  (see  Chap.  XIV.  "Bone  Fat"),  as  also  persalts^  (perborates, 
persulphates,^  percarbonates  of  sodium  or  potassium),  organic  peroxides 
(benzoyl  peroxide,*  acetyl  peroxide,  acetone  peroxide)  have  been 
recommended  (under  fancy  names)  as  effective  bleaching  agents,  but 
no  definite  statement  can  be  made  as  to  their  usefulness  or  superiority 
over  the  reagents  named  above. 

(2)  In  the  processes  of  bleaching  by  means  of  chloriae,  bleaching 
powder,  chloride  of  lime,  or  potassium  bichromate  (less  fr'equently 
permanganate)  and  hydrochloric  acid  are  used.  The  following  three 
equations  represent  the  chemical  reactions  involved  : — 

(4)  Ca(CI0)2+4HCl    =CaCl2+2H20+4Cl ; 

(5)  Cr^O^Ka+WHCl  =Cr2Cl6+2KCl+7H20+6Cl ; 

(6)  MiiisOgKa+ieHCl  =2MiiCl2+2KCl+8H2O  +  10Cl. 

Kecently  a  number  of  reducing  agents,  such  as  sulphites  ^  and 
hydrosulphites,®  have  been  placed  on  the  market  (under  fancy  names), 
and  are  recommended  as  effective  bleaching  agents  for  oils  and  fats. 
To  this  class  belong  "  formaldehyde-hydrosulphites,"  "  sulphoxylates," 
and  "  formaldehyde-sulphoxylate,"  ^  of  sodium,  zinc,  etc.,  also  "  Hyral- 
dite,"  a  stable  compound  consisting  of  a  combination  of  sodium 
hydrosulphite  and  ammonia. 

It  may  be  repeated  that  no  general  rule  can  be  laid  down  as  to 
which  process  should  be  employed  in  each  given  case,  although  it  may 
be  stated  that  tallow  is  best  bleached  by  means  of  manganese  dioxide, 
and  palm  oil  by  means  of  bichromate  and  hydrochloric  acid. 

The  object  of  bleaching  is  not  only  to  remove  colouring  matters 
for  the  time  being,  but  to  remove  them  so  efficiently  that  the  colour, 

'  Cp.  L.  Vaiiiuo,  Das  Natrmmperoxyd,  Hartlebeii,  Vienna,  1907  ;  Foreggur  and 
Philipp,  Jmi,rn.  Soc.  Chem.  hid.,  1906,  298. 

"  Vereinigte  Chemische  Werke,  Frencli  ijatont  377,720  ;  378,515  ;  Gorman  nalunt 
200,684. 

'  Idem.,  German  patent  205,067. 
Idem.,  German  patent  214,937. 

^  For  laboratory  experiment.s  regarding  tlio  action  of  sulplinr  dioxiilo  upon  oils  and 
their  fatty  acids  cp.  S.  A.  Hird  and  L.  L.  Lloyd,  Jmmi.  Soc.  Chem..  Ind.,  1912,  317. 

"  Cp.  K.  Jellinek,  Orundz'dge  der  physikalMien  Chemic  de.i  Ili/dro.tufjU.i  im  Vcrgleich 
m  analngen  SchwefelmnerstnffverbinduMjen.    Stuttgart,  F.  Enke,  1911. 

^  Metz  and  Clarksou,  English  patent  11,983,  1906  ;  Badi.sche  Aniliii  und  Sodafabrik, 
French  patents  431,294,  410,824  ;  English  patents  16,260, 1909  ;  12,157,  1911  ;  22,453, 
1911;  3433,  1912;  German  patent,  224,394;  Chemische  Fabrik  Guesheini  Electron, 
English  patent  21,359,  1911. 

*  Chem.  Fab.  von  Heyden,  German  patent  214,043. 
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or  even  a  dark  shade,  does  not  "  revert  "  some  time  after  the  fat  or  oil 
lias  been  bleached.  Patents  claiming  to  effect  this  object  appear 
annually  in  great  numbers,  and  disappear  again  when  experience  has 
shown  that  the  colouring  matter  does  "  revert,"  to  a  larger  or  smaller 
extent,  after  the  material  has,  e.g.,  been  converted  into  soap.  One 
of  the  simplest  and  most  frequently  practised  processes,  that  of 
bleaching  tallow,  does  not  lead  to  soaps  having  as  good  a  colour  as 
those  made  from  freshly  rendered  tallow.  Therefore,  not  only  must 
each  kind  of  oil  or  fat  be  considered  a  special  problem,  but  frequently 
different  varieties  of  one  and  the  same  oil  or  fat  are  apt  to  cause  the 
same  difl&culties  as  would  a  new  individual. 

In  conclusion  it  may  again  be  emphasised  that,  in  the  absence  of 
careful  experiments,  it  is  impossible  to  state  which  method  of  bleaching 
will  be  successful  in  each  given  case.  There  is  a  wide  field  open  for  the 
application  of  proper  processes  for  the  removal  of  impurities  and  colour- 
ing matters,  without  running  the  risk  of  attacking  the  glycerides  them- 
selves. Even  in  the  case  of  the  more  resistant  waxes  great  circum- 
spection is  required,  as  is  evidenced  by  the  different  properties  of 
beeswaxes  bleached  by  different  processes.  (See  Chap.  XIV.  "  Bees- 
wax.") 


Demapgarinating  Oils  and  Liquid  Waxes.     Separation '  into 
"Stearine"  and  "Oleine" 

SoUd  glycerides  and  soUd  waxes  separate  out  fi-om  some  oils  and 
Uquid  waxes  on  standing.  The  deposited  glycerides  are  commercially 
known  under  the  name  of  "  stearine,"  or  "  margarine  "  ("  cotton  seed 
stearine,"  "  margarine  d'arachide  ").  In  some  cases  this  deposit  is 
obiectionable,  especiaUy  so  in  the  case  of  edible  oils  intended  for  table 
use.  An  important  part  in  the  sequence  of  the  refining  operations  of 
such  oils  is  therefore  played  by  processes  aiming  at  the  removal  of  the 
solid  portions.  The  simplest  demargarinatmg  process,  which  is  stiii 
beintr  used  to  some  extent,  consists  in  storbg  the  oUs  m  capacious 
vessels  in  a  cool  place,  when  the  solid  glycerides  or  waxes  as  the  case 
may  be,  separate  out  as  a  deposit,  so  that  the  clear  hmpid  oils  can  be 
drawn  off  from  the  upper  parts  of  the  vessels. 

If  the  solid  glycerides  separate  out  in  a  crystaUme  form,  this  slow 
and  cumbersome  process  can  be  shortened  by  cooling  the  oils  artificiaUy. 
A  definite  temperature  must  be  carefully  maintained  for  each  ^dividual 
oil  The  liquid  portion  is  then  filtered  off  ;  when  the  whole  has  solidified 
to 'a  magml  the  oil  is  pressed  in  a  hydrauUc  press  1^;^^-^-^^ 
where  the  solid  glycerides  separate  out  m  a  g^l^^l^T  ^^^foir^^^^^ 
or  pressing  is  unavaUable  (see  Vol.  II.  Chap.  XIV.  Arachi  Oil  ,  the 
old  process  of  sedimentation  must  be  resorted  to.  (Op.  also  Vol.  ii. 
Chap  XIV.  "  Cod  Liver  Oil,"  "  Lard  Oil,"  "  Sperm  Oil  and  Sperma- 
ceti"  •  Vol.  III.  "  Edible  Cotton  Seed  Ofi.") 

The  limpid  oils  which  remain  proof  against  cold  are  t^^^^f  ^^^^^ 
oils."    Most  of  the  olive  oUs  are  non-congealmg  oils ;  some  lumsian 
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and  Algerian  olive  oils  deposit,  however,  so  much,  stearine  that  they 
must  be  "  demargarinated  "  before  beiag  placed  on  the  market.  For 
the  latter  piu'pose,  centrifugals  ^  have  been  proposed,  but  nothing 
definite  can  be  stated  as  to  their  success.  It  appears  to  the  author 
rather  doubtfid  whether  proper  demargarination  can  thus  be  effected. 

In  a  wider  sense,  the  term  "  demargarinating  "  includes  also  those 
processes  in  which  fats  which  are  soM  at  the  ordinary  temperature 
are  resolved  iato  two  portions  of  different  consistence,  generally  termed 
"  stearine  "  and  "  oleine."  As  examples  may  be  given  the  preparation 
of  oleomargariae  and  tallow  oil  from  tallow,  of  lard  oU  from  lard  (see 
Vol.  III.  Chap.  XV.),  and  the  separation  of  oleic  acid  from  stearic  acid. 

Preserving  Oils  and  Fats 

It  has  been  pointed  out  in  the  first  chapter  that  oils  and  fats,  if 
carefully  protected  from  access  of  light,  air,  and  moisture,  retain  their 
state  of  neutrality  indefinitely,  and  ia  confirmation  the  fact  was  adduced 
that  fats  buried  with  the  mummies  in  Egyptian  tombs  had  remained 
neutral  for  several  thousand  years. 

In  practice  it  is,  of  course,  impossible  rigidly  to  exclude  contact 
with  air  during  handling,  and  it  is  a  matter  of  daUy  experience,  most 
noticeable  ia  the  case  of  edible  oils  and  fats,  that  in  com-se  of  time, 
sooner  or  later,  according  to  the  conditions  observed  in  keeping,  they 
turn  rancid. 

The  cause  of  rancidity  has  been  traced,  in  the  fia-st  instance,  to 
initial  hydrolysis  (see  Vol.  I.  Chap.  I.),  which  is  accelerated  in  the  case  of 
unrefined  oils  and  fats  by  the  presence  of  enzymes.  In  the  preparation 
of  the  majority  of  commercially  prepared  oils  and  fats,  the  enzymes 
may  be  considered  as  having  been  destroyed,  owing  to  the  elevated 
temperature  employed  in  the  refining  operations.  Where,  however, 
large  quantities  are  prepared  merely  by  rendering  at  low  temperatures 
(premier  jus,  lard),  the  temperature  may  not  be  sufficiently  high  through- 
out the  whole  mass  to  destroy  the  enzymes  completely,  so  that  there  may 
remain  intact  a  quantity  of  enzymes  sufl&cient  to  cause  hydrolysis  and 
subsequently  rancidity. 

Where  the  possibility  of  accelerated  hydrolysis  due  to  the  presence  of 
enzymes  is  excluded,  a  small  amount  of  moisture  is  sufficient,  under 
favom-able  conditions  (the  most  important  of  which  is  a  somewhat 
high  temperature),  to  cause  hydrolysis  and  rancidity  which  follows 
in  its  wake.  It  is  therefore  obvious  that  it  is  not  only  necessary  to 
employ  the  greatest  care  in  refining,  but  that  it  is  essential  for  the 
preservation  of  the  refined  product  to  exclude  as  far  as  possible  the 
presence  of  moisture.  Since,  however,  even  properly  filtered  fats 
retain  water  up  to  one-half  per  cent,  without  revealing  its  presence 
by  a  turbid  appearance,  oils  and  fats  should  be  stoi'cd  at  as  low  a 
temperature  as  possible. 

In  the  case  of  edible  oils  and  fats  (which  demand  the  greatest  care 

'  E.  Bertainchand,  IXmargarinalion  des  huiles  dela  rbjion  de  tydx.    TiiiiiH,  ]903. 
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and  most  scrupulous  cleanliness  both  as  regards  preparation  and 
packing  of  tbe  finished  article,  etc.),  cold  storage  is  resorted  to  as  the 
most  effective  and  most  reliable  method  of  preservation. 

The  low  temperature  not  only  arrests  the  natural  process  of  hydro- 
lysis but  inhibits  also  the  injurious  action  of  air  on  free  fatty  acids  that 
may  be  present.  No  chemical  need  be  used  as  a  preservative  for  pure 
oils  and  fats.  In  fact,  they  in  their  turn  are  largely  used  as  preservatives 
for  perishable  food-stuffs,  since  oils  and  fats  do  not  afford  a  substratum 
for  the  growth  of  micro-organisms  (cp.  Vol.  I.  Chap.  I.^).  If,  however, 
suitable  nutriment  is  provided,  together  with  the  glycerides,  as  happens 
in  the  case  of  butter  and  margarine,  then  in  addition  to  aU  those  causes 
which  favour  the  setting  in  of  rancidity,  the  micro-organisms  exert 
their  deleterious  influence  on  the  albuminoids  contained  in  butter  and 
margarine.  In  these  cases  preservatives  are  not  only  used  largely  but 
are  necessary.^  The  most  commonly  used  and  entirely  unobjection- 
able preservative  is  salt.  The  quantity  of  salt  usually  added  to  butter 
is  sufficient  to  preserve  it  for  some  Uttle  time,  which  for  practical  pur- 
poses is  sufficiently  long.  But  in  consequence  of  the  demand  for 
unsalted  butter,  and  further,  owing  to  the  development  of  the  enormous 
shipping  trade  in  butter  from  oversea  countries— necessitated  by  the 
insufficiency  of  supply  from  local  sources— the  employment  of  other, 
more  powerfully  acting  preservatives  has  become  almost  universal,  and 
has  therefore  been  permitted  by  law.  Foremost  amongst  these  is 
boric  acid.  Of  course,  preservatives  of  a  distinctly  poisonous  nature, 
such  as  sodium  fluoride  and  formaldehyde,  are  forbidden.  With  regard 
to  other  preservatives,  see  Chap.  XIV.  "  Butter." 

Of  minor  importance  is  the  preservation  of  fats  by  means  of  such 
substances  as  cinnamic  acid  ^  and  gum  benzoin.  The  latter  is  chiefly 
used  in  the  pharmaceutical  practice  to  preserve  lard. 


Denaturing  Oils  and  Fats 

In  those  countries  where  differential  custom  duties  are  levied  on 
oUs  and  fats  according  as  to  whether  they  are  used  for  edible  purposes 
or  commercial  purposes,  ofls  and  fats  serving  for  the  latter  purposes 
must  be  "  denatured."  Thus  in  Australia  edible  rape  oil  must  be 
"  denatured  "  with  blown  rape  oil  and  birch  tar  oil.  In  (^ermany 
edible  cotton  seed  oU  must  be  "  denatured  "  with  rosemary  oil. 

"  Denatured  "  oils  and  fats  after  having  passed  the  custom-house 
cannot  be  considered  as  adulterated.  In  their  exammation,  due  regard 
must  be  had  to  the  presence  of  those  denaturing  agents  which  the  law 
prescribes. 

a  For  a  conservi.,g  mixtiu'e  consisting  chiefly  of  oils  and  fats  cp.  S.  Fcnger,  English 

separation  into  two  laye.  ta^es^P^^^^^^^^         ^^^^'1  ^iLXnlargaL'l" 
Z'uLZ:'}ly.  ^ia^rgSe"rTh^'T;e'thod  is.  of  course,  tantamount  to  a 
process  of  removing  allinniinoids  an<l  carliohydrates. 
3  Cp.  French  patent  371,071.  P.  A.  Sparre. 
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In  this  chapter  only  those  oils,  fats,  and  waxes  have  been  considered 
which  are  obtained  from  sound  raw  material  as  the  main  product,  or 
at  least  as  a  very  important  by-product,  and  thus  form  the  staple 
products  of  the  oil  and  fat  industries.  Oils,  fats,  and  waxes  obtained 
as  'Waste  products  (by-products),  and  the  mode  of  working  up  these 
materials  will  be  treated  of  in  a  separate  chapter  (Vol.  III.  Chap.  XVI., 
and  also  under  "  Bone  Fat,"  Vol.  III.  Chap.  XV.). 


CHAPTER  XIV 


TECHNOLOGY  OF  THE  NATURAL  OILS,  PATS,  AND  WAXES  ; 
METHODS  OF  PREPARING,  REPINING,  EXAMINING 
THEM,  AND  DETECTING  ADULTERATIONS 

In  this  chapter  the  individual  natural  oils,  fats,  and  waxes  are  arranged 
according  to  the  classification  outlined  in  Chapter  I.  In  the  first 
instance,  the  source  and  the  mode  of  preparation  will  be  given,  and  the 
methods  of  refining  will  be  considered,  wherever  this  is  carried  out  on  a 
large  scale.  Next,  the  chemical  composition  will  be  discussed,  as  far  as 
it  is  known.  I  append  in  each  case  tables  of  the  physical  and  chemical 
characteristics,  as  recorded  by  different  observers,  and|I  further  add 
the  variations — within  narrow  limits — of  these  characteristics,  wherever 
these  variations  are  due  to  difference  of  source,  climate,  soil,  mode  of 
preparation,  race  or  breed  of  animal,  mode  of  feeding,  and,  finally, 
age  of  the  sample.  Thus  this  chapter  furnishes  in  a  handy  form  that 
information  which  is  obtained  by  applying  the  methods  described  in 
Vol.  I.  Chaps.  V.-XI. 

It  is  hoped  that  by  first  scanning  the  tables  the  analyst  wiU  have 
placed  before  him  a  ready  means  of  identifying  any  unknown  oil  or 
fat  which  he  may  have  to  examine.  In  each  case  a  discussion  of  those 
factors  will  foUow  which  influence  the  chemical  composition.  Next, 
those  adulterants  will  be  considered  that  are  most  Likely  to  be  met 
with.  Methods  of  testing  for  adulteration  and  determining  its  amount 
will  also  be  fully  described.  It  should  be  mentioned  that  I  have 
examined  in  the  course  of  many  years  most  of  the  products  described 
below;  especially  those  that  are  of  great  commercial  importance, 
although  I  did  not  consider  it  necessary  to  record  my  name  in  each 
case  amongst  the  observers.  It  should,  however,  be  pointed  out  that 
the  colour  reactions  to  which,  in  former  years,  so  much  importance 
has  been  assigned,  have  been  especially  examined  by  me.  In  the 
course  of  these  investigations  most  of  the  colour  tests  have  been  found 
useless,  and  have  therefore  been  omitted  in  this  treatise. 

The  order  in  which  the  natural  oils,  fats,  and  waxes  are  enumerated 
in  the  subsections  is  determined  by  the  magnitude  of  the  iodme  value. 
I  have  frequently  ascertained  the  iodine  values  merely  for  the  sake  of 
fixing  the  order  which  individual  oils  or  fats  should  follow.  I  have, 
however,  not  considered  it  advisable  slavishly  to  follow  this  prmciple  ; 
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hence  such  oils  and  fats  as  are  undoubtedly  related  to  one  another  are 
placed  together  irrespective  of  differences  in  their  iodine  values. 

It  should  further  be  pointed  out  that  I  have  carefully  scrutinised 
the  numerical  values  given  in  the  tables.  Older  numbers  which  are 
obviously  wrong,  or  have  been  obtained  by  incorrect  methods,  have 
been  omitted,  and  only  the  most  reliable  numbers  have  been  tabulated. 

The  technical  uses  and  applications  of  the  natural  oils,  fats,  and 
waxes  are  explained  fully,  and  statistical  data  have  been  added  when- 
ever ascertainable,  the  reliability  of  the  sources  of  the  commercial 
information  being  considered  of  supreme  importance.  The  changes 
which  the  oils  and  fats  undergo  in  the  oils  and  fats  industries  are  in- 
dicated and  references  are  given  to  Vol.  III.,  in  which  manufactured 
products  are  considered. 

Thus  an  attempt  has  been  made  to  furnish  in  this  chapter,  in  as 
concise  a  form  as  possible,  a  complete  series  of  monographs  of  all 
kn  own  natural  oils,  fats,  and  waxes. 

The  French,  German,  and  also  Italian  names  of  each  individual 
natural  oil,  fat,  and  wax  have  been  added. 
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A.  OILS  AND  FATS.  GLYCERIDES 

1.  OILS  OR  LIQUID  FATS 

1.  VEGETABLE  OILS 
(1)  Drying  Oils 

Tke  drying  oils  are  characterised  by  the  property  of  absorbing 
oxygen  from  the  atmosphere,  and  drying  to  an  elastic  skm  when  exposed 
to  the  air  in  a  thin  layer.  It  has  been  pointed  out  already  (VoL  i. 
Chap.  VII.)  that  the  drying  power  stands  in  direct  proportion  to  the 
magnitude  of  the  iodine  value,  so  that  the  best  drymg  oils  are  those 
which  absorb  the  greatest  amount  of  iodine.  .       ^   •  a 

Considered  chemicaUy,  the  vegetable  drying  oUs  are  characterised 
by  glycerides  of  fatty  acids  belonging  to  the  linolenic  and  Imolic  groups, 
oleic  acid  forming  only  a  small  proportion  of  the  liqmd  fatty  acids. 
Hence  the  drying  oils  do  not  give  the  elaidin  reaction  (see  Vol.  1.  Uiap. 
VII.).    Glycerides  of  saturated  acids  are  present  m  smaU  proportions 

As  regards  drying  power,  the  oils  enumerated  below  exhibit  a  slow 
gradation,  fi'om  the  best  drying  oils  down  to  those  standing  at  the  end 
of  the  class,  the  properties  of  which  approach  more  or  less  those  of  the 
semi-drying  oils.  In  the  best  drying  oUs,  linolenic  acid  forms  a  con- 
siderable proportion  of  the  liquid  fatty  acids.  The  readiest  means 
of  ascertahiing  the  amount  of  the  Unolemc  acids  is  afforded  by  the 
bromide  test  (see  Vol.  I.  Chap.  VIII.). 


PERILLA  OIL 


■Fvench—HuUe  de  perilla.  German— PeriUaol,  Okumidl. 
Italian — Olio  di  perilla. 

Perilla  ,oil  is  obtained  from  the  seeds  ot  Perilla  ocinwides  L 
f  Japanese  •  Ye  coma,  Ye  no-ahura),  an  annual  UUate  indigenous  to  the 
outh  east  of  aI,  i  e.  China,  Japan,  and  the  northern  parts  of  India- 
where  Tt  is  cultiv;ted  extensively  for  the  salce  of  o  eagmous  seed 
?he  plant  cultivated  in  southern  Manchuria  is  mos  ^^l^^^^l 
y^ith  Perilla  ocimoides,  L.  {Perilla  heteronwrpha  Carr)  It  ^own  m 
Ipril,  blossoms  about  the  end  of  September,  and  ripens  two  weeks  latei. 

1  A.  Hosie,  Manchuria,  Methuen  and  Co.,  1901. 
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Perilla  arguta,  Benth  (Japanese:  Sissoo  or  JaJcosju),  and  Perilla 
nanhinensis,  Decne/  are  indigenous  to  Japan  and  China ;  the  former 
is  cultivated  in  Japan  as  an  oleaginous  plant.  Perilla  nanhinensis, 
Decne  {Ocimum  crispum,  Thunberg),  is  indigenous  in  Nankin,  but  is 
also  largely  found  in  East  India. ^  The  fatty  oil  of  the  two  last-named 
perilla  species  has  not  yet  been  examined. 

Up  to  two  or  three  years  ago  perilla  oil  (Japanese  :  Ye  no-abura) 
was  practically  unknown  in  Europe  ;  but  the  exceedingly  high  price 
of  linseed  oil  obtaining  dmdng  these  latter  years  directed  attention  to 
perilla  oil,  which,  on  account  of  its  high  iodine  value,  was  predestined 
to  serve  as  a  substitute  of  linseed  oil.  Hence  notable  quantities  of 
perilla  oil  were  imported  into  Em-ope,  and  attempts  were  even  made 
to  grow  the  plant  in  the  United  States  (Ohio).  These  experiments 
have  been  abandoned  already  in  consequence  of  the  unsatisfactory 
nature  of  the  cakes.  Japanese  cakes  have  also  been  offered  on  the 
Continent  as  "  Susza-cakes  "  ;  they  have  a  peculiar  aromatic  smell 
and  taste.    Bredemann  ^  gives  the  following  analysis  : — 

Per  cent. 


Oil  8-34 

Water  ......  9-6 

Ash  8-70 

Sand  2-50 

Proteins  ......  37-65 

Crude  fibre   17-76 

Silica  0-25 


The  proportion  of  oil  in  the  seeds  is  stated  to  be  35-8  per  cent  (Wijs)  ; 
45  per  cent  {Ch.  P.  Fox  ^). 

This  oil  has  the  highest  iodine  value  of  any  known  fatty  oil,  and 
simidates  linseed  oil  in  taste  and  smell.  Contrary  to  expectation,  its 
drying  power  is  inferior  to  that  of  linseed  oil,  although  it  absorbs  up 
to  20-9  {Wijs  to  2.5-9  {Rosenthal  ^)  per  cent  of  oxygen.  The  inferiority 
in  drying  is  due  to  the  curious  property  of  the  oil  of  forming  drops 
when  spread  on  a  surface  ;  in  recently  imported  perilla  oils  the  author 
could  not  observe  this  property  to  such  a  pronounced  degree,  although, 
in  some  cases,  the  oil  runs  together  in  streaks.  By  heating  to  250°  C. 
the  oil  becomes  much  paler,  and  then  behaves  like  a  good  drying  "  boiled 
oil."    No  doubt  polymerisation  takes  place  on  heating. 

The  mixed  fatty  acids  of  perilla  oil  consist  of  linolenic,  iso-linolenic, 
linolic,  oleic,  palmitic,  and  stearic  acids,  according  to  examinations 
made  by  K.  Kimum  and  T.  Kameialca  {Journ.  Tokyo  Chem.  Soc,  1906 1). 

'  The  ethereal  oil  of  Perilla  nimkinensi.i  has  been  e.\ainineil  recently  hy  F.  W. 
Seiniiiler  and  B.  Zaar,  BericlUe,  1911,  52,  460,  815. 

For  a  description  of  the  seeds,  etc.,  cj).  O.  Bredemann,  "  (Iber  Presskuchen  der 
Perillasaat"  [Lanilw.  Ver.ii/-clis.iL,  1912,  349).  Cp.  also  P.  lloncanii),  M.  Reich,  and 
H.  Zinimerinann,  Landin.  Ver.nichnsL ,  1912  (78),  321. 

•''  Joum.  hid.  linn.  Chew..,  1912  (4),  229. 

■*  Zeit.i.  f.  Unter.i.  d.  Nahrqs-  u.  Oennsam.,  1903,  492. 

"  Farben.  Zeil.,  1912  (17),  739. 

"  Private  communication  by  M.  T.snjimoto. 
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In  view  of  some  discrepancies  shown  in  the  figures  given  in  the 
tables  of  "  Physical  and  Chemical  Characteristics,"  the  following 
determinations,  due  to  M.  Tsujimoto,^  will  be  found  useful : — 


Seeds  from 

Colour 
of  Seed. 

Srtppi  Hp 

gravity 
15-5'C. 
(water  at 
15*5'  =  1). 

Acid 
Vslue. 

Saponifi- 
cation 
Value. 

Iodine 
Value. 

Refrac- 
tive 

1  TlH  PY  ttf. 
1.  U  vl  C  A  Cli  u 

15*  C. 

Cold  -  drawn  oils. 

Hokkaido,  harvested 

prepared  iii  the 

in  1903 

black 

0-9342 

1-31 

193-48 

196-45 

1-4836 

Laboratory 

white 

0-9343 

0-81 

193-35 

195-72 

1-4837 

„  1904 

black 

0-9345 

0-98 

193-47 

197-14 

1-4836 

99  99 

white 

0-9342 

2-79 

193-88 

196-75 

1-4835 

Aomori  ,, 

black 

0-9346 

1-90 

192-17 

201-82 

1-4840 

Tochigi  ,, 

if 

0-9343 

2-83 

193-39 

202-45 

1-4851 

39  99 

)> 

0-9343 

1-99 

193-20 

200-42 

1-4841 

99  99 

99 

0-9343 

0-84 

193-31 

200-56 

1-4841 

Commercial  oils 

Tochigi,  1904 

black 

0-9332 

7-62 

193-11 

193-78 

1-4831 

99  99 

0-9318 

6-57 

193-48 

186-65 

1-4822 

99  99 

0-9344 

5-17 

193-36 

200-46 

1-4840 

99  99 

0-9372 

2-69 

193-12 

190-22 

1-4840 

99  99 

0-9338 

2-82 

191-67 

196-09 

1-4835 

99  99 

0-9325 

2-53 

189-67 

187-48 

1-4826 

In  India,  China,  Manchuria,  and  in  Japan,  ^  the  oil  is  used  for  edible 
pui-poses.  In  Japan  it  is  used  for  mixing  with  the  cheapest  kinds  of 
lacquer  ^  (as  much  as  30  per  cent  of  oil  being  used)  for  the  preparation 
of  paper  umbrellas,  lanterns,  and  artificial  leather.  It  also  finds  ex- 
tensive employment  in  the  manufacture  of  printers'  inks,  paints,  and 
varnishes.  The  statement  that  periUa  oil  is  also  employed  in  the 
extraction  of  the  last  quantities  of  Japan  wax  from  the  berries  by 
mixing  the  press  residues  with  10  per  cent  of  perilla  oil  is  erroneous.  ^ 

The  annual  production  of  perilla  oil  in  Japan  is  estimated  to  amount 
to  350,000  gallons. 


LINSEED  OIL,  FLAX  SEED  OIL 

French — Huile  de  Un.  German — Leinbl,  Flachssamenbl. 
Italian — Olio  di  lino. 

For  tables  of  characteristics  see  pp.  51-53. 

Linseed  oil  is  obtained  from  the  seeds  of  the  flax  plant,  Linum 
usilalissimum,  L.,  a  native  of  Central  Asia.  The  principal  countries 
where  it  is  grown  in  considerable  quantities  to  yield  oil  seeds  are  Argen- 
tina, India,  the  United  States  of  America,  Canada,  and  Russia.  Notable 
quantities  of  seed  are  also  produced  in  Morocco.  Attempts  are  being 
made  to  grow  linseed  in  the  Transvaal  and  in  Australia. 

'  Private  cntrununication  by  M.  Tsii.jiiiioto. 

^  A.  Hosic,  Maiicliuria,  MetliucTi  and  Co.,  1901. 

^  .1.  J.  Qiiiii,  nrilish  Consular  Report  from  Toldo,  1882. 
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In  the  following  tables  statistical  data  with  regard  to  the  most 
important  producing  countries  are  given  : — 

Production  of  Linseed  in  the  principal  Linseed-growing  Countries 
(Metric  tons  of  1016  kilograms) 


Year. 


1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


Argentina. 


85,000 
120,000 
270,000 
250,000 
185,000 
160,000 
260,000 
250,000 
389,951 
365,035 
763,976 
937,601 
740,000 
591,912 
825,764 
1,100,710 
1,048,852 
716,515 
595,000 
572,000 
1,130,000 


India. 


487,000 

584,000 
625,000 
326,000 
358,000 
220,983 
446,668 
427,894 
295,674 
336,136 
342,624 
481,567 
571,832 
347,400 
363,400 
425,200 
163,200 
297,700 
527,600 
563,600 
641,200 


U.S.  A. 


260,000 
236,500 
177,000 
355,000 
402,000 
273,000 
412,500 
437,500 
475,000 
650,000 
732,122 
682,513 
585,013 
711,944 
626,500 
646,275 
645,125 
487,817 
317,950 
484,250 
701,825 


Canada. 


Russia. 


6,660 
18,065 
21,100 
13,388 
18,342 
25,588 
45,301 
79,133 
120,829 
100,974 
196,675 
528,505 


234,000 

363,400 

403,500 

566,500 

703,970 

620,552 

563,409 

316,670 

533,877 

465,444 

542,234 

461,314 

471,846 

421,000 

640,500 

550,590 

500,339 

568,360 

650,000 

670,000 

660,000 


Total. 


1,066,000 

1,303,900 

1,475,500 

1,497,500 

1,648,970 

1,174,635 

1,682,577 

1,431,964 

1,694,502 

1,813,275 

2,399,021 

2,584,097 

2,382,079 

2,090,598 

2,371,752 

2,768,076 

2,436,649 

2,181,221 

2,191,624 

2,486,625 

3,651,530 


Exports  of  Unseed  from  the  principal  Linseed-growing  Countries 

(In  metric  tons) 


Exports  from 


Argentina.  |  India. 


230,000 

169,092 
142,442 
230,550 
210,693 
336,509 
332,830 
608,307 
919,056 
662,264 
531,132 
831,887 
1,078,084 
925,660 
662,830 
455,000 
546,566 


365,810 
177,976 
375,908 
416,276 
257,693 
316,378 
311,169 
417,946 
627,710 
331,641 
221,166 
336,214 
162,829 
236,814 
360,731 
624,873 
366,797 


U.S.  A. 


77,211 
26,784 
55,839 
64,641 
62,148 
72,834 
88,585 
18,640 
180 
22,325 
218,436 
122,657 
42,400 
33,314 
6,430 
nil 
53,000 


Russia. 


481,071 
460,038 
220,270 
182,337 
200,643 
56,377 
93,039 
133,257 
76,660 
94,643 
110,160 
78,553 
148,873 
98,050 
143,932 
126,817 
172,061 


Total. 


1,164,092 
833,889 
794,459 
912,804 
721,077 
780,098 
825,613 
1,178,160 
1,523,606 
1,110,773 
1,080,883 
1,368,511 
1,432,186 
1,293,836 
1,153,923 
1,106,690 
1,127,424 


Imports  into  Great 
Britain. 


Metric  Tons. 

Per 
cent. 

457,362 

40 

349,020 

42 

301,787 

38 

314,148 

35 

309,108 

43 

282,048 

36 

308,3^1 

37 

386,954 

33 

506,619 

33 

346,412 

31 

286,140 

26 

372,637 

27 

382,169 

26i 

303,237 

23  .V 

236,066 

20  i 

243,338 

22* 

257,294 

23 

Imports  to 
Continent 
and  to 
United  States. 


592,196 
1,017,907 
795,361 
794,743 
995,774 
1,050,017 
990,599 
917,857 
858,352 
870,130 
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The  requirements  of  the  United  States  of  America  are  no  longer 
filled  by  home-grown  linseed ;  hence  linseed  is  being  imported  since 
1908.    The  following  table  gives  some  details  : — 


United  States  of  America  Imports  of  Linseed  {in  tons) 


From 

1908. 

1009. 

1910. 

1911. 

1912. 

Canada  .... 

72,007 

12,466 

143,014 

Argentina 

110,548 

91,634 

38,196 

India  .... 

21,449 

66,935 

13,649 

Belgium  .... 

9,075 

8,870 

460 

Other  countries 

10 

933 

460 

United  Kingdom 

15,880 

6,165 

50 

1,118 

36,991 

228,969 

187,003 

195,829 

These  tables  may  be  supplemented  by  the  following  table,  giving 
the  shipments  of  linseed  to  Europe  during  the  years  1900-1912  : — 


Shipments  of  Linseed  to  Europe 
(In  quarters  ^) 


From 

India 

Argentina 

Russia  and  Black  Sea 

To 

United 
Kingdom. 

Continent. 

United 
Kingdom. 

Continent. 

United 
Kingdom. 

Continent. 

Year. 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 

636,000 
758,000 
661,000 
801,000 
1,068,000 
518,000 
441,000 
741,389 
409,010 
540,161 
774,665 
833,107 

768,000 
958,000 
1,031,000 
1,497,000 
1,797,000 
1,279,000 
752,000 

518,500 
940,000 
891,500 
1,418,000 
2,665,500 
2,076,500 
1,188,000 

967,906 
1,205,147 
873,617 
398,062 
331,464 

616,000 
844,000 
872,500 
1,857,500 
2,196,000 
1,400,500 
1,627,000 

320,000 
167,000 
210,500 
282,000 
199,500 
252,500 
243,000 
182,884 
269,068 
179,377 
229,504 
183,199 

740,000 
125,500 
271,500 
422,000 
207,000 
247,500 
339,000 

1 

1  quarter  of  Indian  linseed  =  410  lbs. 
1       ,,        Argentiiio  lin.se(!il  =  416  lbs. 
1       ,,        North  American  linseed  =  424  lbs, 
1       ,,        Russian  linseed  =  424  lbs. 
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From 

U.S.  America 

Canada  to 

United 
Kingdom. 

To 

United  Kingdom. 

Continent. 

Year. 

1900 

ao  Ann 

1901 

/y,ouu 

1902 

1  AC  CAA 

iUO,OUU 

1903 

74.  f^nn 

1904 

1  nnn 

1905 

26,600 

98,000 

1906 

281,000 

873,000 

1907 

64,814 

78,277 

1908 

71,488 

47,199 

1909 

35,298 

OK  QAO 

1910 

22,643 

7,028 

1911 

1,217 

Total. 


United  Kingdom. 


1,542,500 
1,964,000 
1,868,500 
2,525,000 
3,934,000 
2,867,000 
2,153,000 
2,071,534 
2,067,195 
1,697,428 
1,478,259 
1,393,874 


Continent. 


2,331,500 
2,237,500 
2,537,500 
3,851,000 
4,201,000 
3,025,000 
3,591,000 


Further  statistical  data  are  supplied  in  the  following  tables  :- 


Production  of  Linseed  in  France  and  Imports  into  France 
(In  metric  tons) 


Year. 

Production. 

1896 

13,288 

1897 

13,306 

1898 

9,069 

1899 

8,769 

1900 

12,515 

1901 

15,519 

1902 

11,426 

1903 

13,826 

1904 

15,438 

1905 

14,602 

1906 

16,410 

1907 

1908 

1909 

1910 

1911 

Russia. 


25,709 
50,422 
11,008 
8,915 
31,484 
9,966 
7,330 
4,009 
2,434 
2,758 
8,233 
5,170 
4,616 
9,864 
7,085 
10,061 


Imports  from 


India. 


56,475 

27,375 

67,307 

76,320 

32,060 

40,452 

40,771 

61,680 

67,434 

69,044 

43,737 

90,561 

56,645 

59,900 

65,807 

77,487 


Argentina. 


42,546 
56,615 
30,235 
38,023 
33,300 
44,621 
39,846' 
83,014 
90,064 
75,337 
73,218 
84,990 
113,890 
91,905 
62,387 
21,973 


Other 
Countries. 


10,436 
7,571 
3,115 
4,298 
7,976 

14,071 

14,360 
8,422 
8,704 
9,553 

18,809 
8,379 

11,689 
7,776 
5,582 
9,590 


Total. 


135,616 
141,983 
111,556 
127,556 
104,820 
109,110 
102,307 
157,115 
168,636 
156,642 
143,997 
189,100 
186,845 
169,450 
140.862 
119,117 
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Imports  of  Linseed  into  Germany 


(In  metric  tons) 


Year. 

Imports  froni 

Holland. 

Bussia. 

India. 

Argentina. 

U.S.  A. 

Other 
Countries. 

Total. 

1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 

20,390 
25,064 
23,389 
15,256 
14,702 
9,800 
6,990 
2,290 
1,860 
1,040 
3,920 
1,525 

)  ... 

2,319 
3,488 

169,009 
172,709 
106,106 
101,654 
107,523 
58,950 
49,150 
47,000 
41,920 
49,070 
55,056 
28,270 

50,733 
74,754 

69,833 
50,841 
99,927 
114,275 
80,405 
66,370 
74,670 
112,540 
139,680 
110,300 
48,801 
47,618 

75,036 
69,802 

19,241 
7,307 
30,328 
22,938 
41,013 
74,590 
84,340 
151,010 
262,940 
181,930 
195,670 
334,170 

215,073 
144,117 
173,273 

2,763 
2,464 
5,472 
8,048 
17,966 
21,740 
25,240 
4,940 
8,010 
3,820 
69,767 
22,079 

7,864 
3,869 
4,724 
3,848 
5,962 
5,480 
5,570 
13,370 
8,310 
7,320 
5,609 
7,197 

4,138 
8,775 

289,100 
262,254 
269,946 
266,019 
267,571 
236,930 
245,960 
331,150 
462,720 
353,480 
378,823 
439,859 
468,422 
436,867 
320,522 
276,343 
330,092 

The  area  of  land  on  which  linseed  was  grown  in  the  different 
provinces  of  India  during  1905-1907  and  1909-1910  is  stated  in  the 
following  tables  : — 


Average  of 

Province. 

1909-10. 

1905-07. 

Five  Years. 

Ten  Years. 

United  Provinces  /  f  "^^  , 
\  Mi.xed 

Bengal  .... 
Eastern  Bengal  . 
Central  Provinces  and  Berar 
Bombay  .... 
Hyderabad 

315,000 
633,000 
671,800 
87,700 
1,145,200 
144,200 
664,300 

210,900 
567,000 
726,500 
103,000 
912,100 
154,800 
604,500 

554,800 
565,000 
728,100 
113,000 
729,100 
298,600 
485,000 

472,700 
500,000 
626,900 
123,000 
684,900 
289,900 
421,000 

Total  IJl'P, 
Mixed 

3,028,200 
633,000 

2,711,800 
567,000 

2,908,600 
565,000 

2,618,400 
500,000 

Linseed  Crop  under  Cultivation  in  1909-1910 


Acres. 

Bengal   585,700 

Eastern  Bengal        .....  85,100 

Assam   11,003 

United  Provinces  (Agra)     ....  243,120 

United  Provinces  (Oudh)    ....  07,008 
VOL.  II 
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Linseed  Crop  under  Cultivation  in  1909-1910  {continued) 


Acres. 

Punjab   36,268 

North-West  Frontier  Province  .  .  •  16 
Upper  Burma  .         .         .         .         •  139,013 

Lower  Burma  .         .         .         .         •  1,685 

Central  Provinces   875,199 

Berar  51,035 
Ajmer-Merwara  .  .  .  .  •  718 
Coorg 

Madras   25,340 

Bombay  .  .  .  •  •  .135,658 
Pargana  Manpur      .....  47 


Corresponding  data  for  the  American  linseed  crops  in  1907  and  1911 
are  given  in  the  following  tables  : — 


American  Linseed  Crop  mi  1907 


state. 

Acres. 

Average  Yield 
per  Acre. 

Total  Yield. 

North  Dakota  .       .       .  • 
South  Dakota   .  '  . 
Minnesota        .       .       •  • 

Total  for  three  N.W.  States 
Wisconsin .       .       .       •  • 
Iowa 

Missouri  

Nebraska  .       .       .       •  ■ 
Kansas      .       .       •       •  • 
Oklahoma .       .       •       •  • 

Montana  

Idaho   

Total  for  United  States 

1,700,000 
480,000 
474,000 

Bushels. 
8-0 
10-0 
10-5 

Bushels. 
13,602,000 
4,800,000 
4,978,000 

2,654,000 
36,000 
20,000 
30,000 
16,000 
54,000 
6,000 
34,000 
14,000 

9-5 

14-  2 
11-5 

10-  0 

11-  0 
10-0 

15-  0 
13-0 
13-0 

23,380,000 
515,000 
235,000 
305,000 
174,000 
539,000 
90,060 
436,000 
177,000 

2,864,000 

9-0 

■25,851,000 

American  Crop  of  Linseed  in  1911 

state. 

Acres. 

Average  Yield 
per  acre. 

Total  Yield. 

Colorado  

Iowa  

Kansas  .,  

Minnesota  

Missouri  

Montana  

Nebraska      .      .  ■ 

North  Dakota     .      .      .  • 

Oklahoma  

South  Dakota     .      .      .  • 
Wisconsin  

3,000 
16,000 
75,000 
400,000 
18,000 
426,000 
2,000 
1,200,000 
1,000 
607,000 
10,000 

Bushels. 

7-  0 

8-  0 
3-0 
8-0 
30 
7-7 

5-  0 
7-6 
30 

6-  3 
12-0 

Bushels. 
21,000 

128,000 
225,000 
3,200,000 
54,000 
3,272,000 
10,000 
9,120,000 
3,000 
3,217,000 
120,000 

2.757,000 

7-0 

19,370,000 
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Two  qualities  of  Russian  seed  are  recognised  in  the  trade,  they  are 
known,  according  to  their  source,  as  Baltic  and  Black  Sea  seed  ;  hence 
the  terms  "  Baltic  linseed  oil  "  and  "  Black  Sea  linseed  oil."    The  oil 
expressed  from  Indian  seed  is  known  as  "  Bast  India  oU."  Baltic 
linseed  yields  the  best  drying  oU  ;  this  is  to  some  extent  explained  by 
the  fact  that  the  Baltic  seed  is  the  purest,  whereas  in  Black  Sea  seed 
5  per  cent  (and  more)  of  hemp  seed  or  ravison  seed  are  usually  present, 
and  Indian  seed  is  always  mixed  with  mustard,  rape,  and  cameline  seed, 
owing  to  the  plants  yielding  the  latter  being  grown  along  with  the 
flax  plant.    It  has  been  proved  that  when  the  Indian  linseed  is  carefully 
separated  from  the  foreign  seeds  and  then  expressed,  the  oil  possesses 
as  good  drying  properties  as  best  Kussian  oil.    During  latter  years, 
more  attention  having  been  paid  in  India  to  this  important  industry, 
the  quality  of  seed  has  improved.    Argentine  seed,  yielding  the  River 
Plate  oil  (La  Plata  oil),  used  to  contain  much  chafi  and  admixed  fibres, 
owing  to  careless  treatment  in  harvesting.    Since  farmers  have  begun 
to  apply  greater  care,  the  Argentine  linseed  comes  now  into  the  market 
in  a  much  improved  condition,  so  that  not  infrequently  seed  is  retm-ned 
as   "  98-99   per   cent   clean "   linseed.     Nevertheless,   possibly  in 
consequence  of  the  climatic  conditions  or  the  "  race  "  of  the  seed,  the 
Argentine  oil  does  not  approach  in  quality  ("  richness  ")  either  Baltic 
or  Indian  oil.    North  American  oil  ranks  almost  on  a  par  with  Argentine 
oil  (cp.  also  below,  iodine  values)  ;  in  this  case  also  the  quality  of  the 
oil  depends  to  a  considerable  extent  on  the  purity  of  the  seed.  Canadian 
linseed  having  been  reared  from  Baltic  seed  (imported  for  this  purpose) 
yields  an  oil  equalling  in  quality  Baltic  linseed  oil.    Hence  Canadian 
Unseed  oU  is  much  superior  to  North  American  linseed  oU. 

An  indication  as  to  impurities  occurring  in  commercial  seeds  is 
furnished  by  the  foUowing  table  due  to  E.  J.  Sheppard.^ 


Kind  of  Seed. 

Original  Seed. 

Picked  Seed. 

Oleaginous 
Impurities, 
per  cent. 

Non-Oleaginous 
Impurities, 
per  ceut. 

Oil  in  Total 
Impurities, 
per  cent. 

Oils  per 
cent. 

Sp.  Or.  at 
16-5/15-5°  C. 

Weight  of 
one  Seed, 
in  mgrms." 

1.  American 

2.  American 

3.  La  Plata 

4.  Calcutta 

5.  Bombay 

fi.  S.  Russia  (Kertcli) 
7.  N.  Russia  (Riga)  . 

1-50 
1-01 
0-58 

4-  85 
0-81 

5-  05 
3-31 

1-  69 
105 
5-64 
5-03 

2-  80 
1-71 
1-97 

10-0 

141 
14-9 

39 '67 

39-  40 
36-98 

40-  82 

41-  23 
39-11 
36-95 

1-1388 

1-1416 
1-1326 
1-1182 
1-1375 
1-1468 

4-61 

4-  53 

5-  58 
5-41 
7-88 
5-74 
4-19 

Linseed  arriving  in  this  country  is  sampled  and  tested  by  the 
Incorporated  Linseed  Association,^  who  ascertam  the  proportions  ot 
linseed  and  foreign  seeds  ;  oil-yielding  seeds  other  than  linseed  are 
reported  as  having  half  the  value  of  the  latter,  whereas  non-oleagmous 
seeds  are  considered  as  valueless. 

1  Journ.  Ind.  Eng.  Gliem.,  1912  (4),  14. 

I  !::^-rS:;SrSued  a„  international  Co.n.ttee  of  European  oil 

millers. 
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Kecently  Chinese  linseed  has  been  placed  on  the  market  under  the 
commercial  name  of  Chinese  linseed,  yellow,  and  Chinese  linseed, 
brown.  The  quality  of  the  oils  obtained  therefrom  characterises  the 
seed  as  a  good  linseed.  The  iodine  values  of  the  oils  have  been  given 
in  the  table  of  characteristics.^ 

The  proportion  of  linseed  oil  in  the  seed  varies  with  the  origin  of 
the  seed,^  and  also  with  the  seasons.  The  figures  given  below  should 
therefore  only  be  considered  as  average  numbers.  It  should  also  be 
remembered  that  on  extracting  seeds  with  ether  larger  quantities  of 
crude  oil  are  obtained  than  on  extracting  with  petroleum  ether. 

Proportion  of  Oil  in  Seeds 

Per  cent. 


Russian  linseed        .....  32-38 

Indian          „          .         .         .         .         .  37.43 

River  Plate  ......  35.36 

N.  American  „                   ....  36-38 

Levant         ,,          .....  37-42 

Hungarian    ......  36-38 

Morocco       „          .         .         .  ■       .         .  36-40 

Sicilian         ......  41-42 

Chinese        „    (yellow-brown)     .         .         .  31-38 


Some  details  regarding  the  yield  of  linseed  oil  from  seeds  derived 
from  different  districts  of  East  Indies  are  supplied  in  the  following 
table  : — 


District. 

No.  of 
Samples. 

Oil  per  cent. 

Weight  of  .100 
Seeds. 

Punjab  .... 

Grms. 

10 

35-60-41-91 

0-286-0-630 

Central  Provinces  . 

21 

36-47-43-93 

0-520-1-029 

Bombay  Presidency 

7 

41-23-44-45 

0-669-0-888 

Madras  Presidency  . 

5 

40-46-41-71 

0-660-0-703 

United  Provinces  . 

9 

41.44.44.55 

0-537-0-923 

Bengal  .... 

1 

41-40 

0-516 

Assam  .... 

1 

42-06 

0-521 

'  C.  Grimme,  Chem.  Jievne,  1912,  280. 

*  Experiments  made  in  lutlia  with  linseed  rich  in  oil  and  taken  to  farms  where 
usually  seed  yiehling  a  smaller  proportion  of  oil  was  grown,  showed  that  there  was  a 
decline  in  the  percentage  of  oil.  The  following  table  shows  some  results  of  those 
experiments  : — 


Original 

Produce 

Produce 

Seed. 

of  1U05. 

of  1900. 

Linseed  White  from  Cnwnporo  . 

44-62 

41-28 

89-90 

II          11       ,,     Khatidwa  . 

44-06 

44-18 

42-93 

It        1,      ,,  Uamoli 

45-34 

43 -07 

43-57 

,,      Brown  from  Partal>f!!irli 

48-17 

40-98 

38-31 

It         ,,        ,,    Cawnporn  . 

42 -or. 

40-97 

3n-48 

II         II        II    Sholapiir  . 

41 -l.'! 

40-42 

88-82 

{Memoirs  of  the  Department  qf  Agriculture  in  India,  by  J.  Walter  Leather,  vol.  i 
No.  2,  p.  38.) 
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The  quantity  of  linseed  oil  produced  per  annum  may  be  taken  as  being 
about  35  per  cent  of  the  seed ;  hence  the  total  world  production  of 
linseed  oil  can  be  gathered  from  the  above  given  tables.  The  production 
of  linseed  oil  in  this  country  is  detailed  in  the  following  table.  The 
considerable  falling  off  in  the  production  during  1910  and  1911  was 
caused  by  the  abnormally  high  prices  of  linseed. 


Production  of  Linseed  Oil  in  the  United  Kingdom 


Year. 

Barrels  of  40  gallons. 

1902 

102,817 

1903 

128,651 

1904 

168,506 

1905 

115,137 

1906 

95,380 

1907 

124,179 

1908 

127,390 

1909 

101,079 

1910 

78,688 

1911 

81,113 

The  German  imports  and  exports  of  linseed  oil  are  detailed  as 
follows  : — 


German  Imports  and  Exports  of  Linseed  Oil 
(In  metric  tons) 


Imports. 

1911. 

1912. 

Exports. 

1911. 

1912. 

rrom  Belgium 
„  Holland 
„     Russia  . 

81 
2420 
140 

233 
2554 
199 

To  United  Kingdom  . 
„  Austria-Hungary  . 
„  Brazil 

2041 
297 
206 

271 
196 
199 

On  pressing  Unseed  in  the  cold,  a  golden-yellow  coloured  od  is  ob- 
tained, which  has  a  pleasant  taste,  so  that  it  can  be  used  as  an  edible 
oil  Considerable  quantities  are  being  expressed  for  this  pm-pose  m 
Russia,  Hungary,  Germany,  and  India.  In  some  parts  of  Germany, 
the  oU  is  used  either  as  such  (as  "  Leinolschmalz  " )  or  m  admixture 
with  tallow  or  (and)  lard  for  edible  purposes.  Such  Imseed  oil  is 
refined  by  filtering  over  fuller's  earth.  j  • 

By  far  the  largest  quantities  of  oil  are,  however,  employed  m  the 
arts  In  that  case  the  seed  is  crushed  between  rollers  and  heated  up 
to  about  160°  F.  in  the  mixing  kettle  ;  subsequently  the  seed  is 
expressed  whilst  still  warm.  The  oil  so  obtained  has  a  yellowish-brown 
hue  and  is  somewhat  turbid,  due  to  traces  of  moisture  and  mucilagmous 
matter.    The  press  cakes  retain  about  10  per  cent  of  oil. 

The  press  cakes  are  used  as  one  of  the  most  valuable  and  wholesome 
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cattle  foods.  ^  It  should,  however,  be  noted  that  they  contain  a  small 
quantity  of  a  cyanogenetic  glucoside,  linamarin,^  which  has  been  shown 
to  be  identical  with  phaseolunatin  ^  (a  dextrose  ester  of  acetone  cyano- 
hydrin),  and  an  enzyme  occurring  naturally  in  linseed  and  in  the  flax 
plant.  In  the  presence  of  water  this  enzyme  acts  on  the  glucoside  with 
production  of  prussic  acid.^  The  temperature  to  which  the  linseed  meal 
is  heated,  preparatory  to  pressing,  sufiices  to  destroy  the  enzyme. 
Hence  linseed  cake  as  found  in  commerce  is  innocuous  to  the  cattle. 
Cases  of  cattle  poisoning  after  feeding  with  linseed  cake  were,  as  a  rule, 
hitherto  ascribed  to  an  admixture  with  poisonous  seeds,  such  as  castor 
seed.  In  the  light  of  the  foregoing  facts  the  poisoning  may,  however, 
have  been  due  to  prussic  acid,  generated  from  the  cyanogenetic  glucoside 
in  consequence  of  too  low  a  temperature  having  been  employed  acci- 
dentally in  the  process  of  expressing  the  oil.  For  this  reason  the  meal 
obtained  in  Anderson's  press  (see  p.  15)  should  not  be  fed  to  the  cattle. 

Under  the  name  "  Calcutta  linseed  cake,"  native-made  cakes  are 
imported  into  Europe  which  by  no  means  represent  what  the  name 
suggests.  A  number  of  such  cakes  which  the  author  had  occasion  to 
examine  consisted  to  the  extent  of  about  one  quarter  only  of  genuine 
Unseed  cake,  whereas  the  remainder  was  formed  by  mowrah  cake.^ 
An  analysis  of  a  cake  of  this  kind  by  the  author  gave  the  following 
results  : — 


OU 

Nitrogen 
Albuminoids 
Ash 

Moisture 
Wood  fibre 
Common  salt 
Carbohydrates  by  difference 


Per  cent. 
9-45 
4-749 

29-68 
8-97 
8-69 

14-09 
0-279 

29-12 


The  oil  extracted  from  the  cake  gave  the  following  numbers  : — 


Iodine  value 
Free  fatty  acids 
Neutral  fat 

Melting  point  of  fat  . 

Melting  point  of  total  fatty  acids 


Per  cent. 
88-10 
75-00 
25-00 

30-0  to  32-2°  C. 

40-6  to  47-2°  C. 


In  consequence  of  the  greatly  extended  production  of  sesame  cake 
(owing  to  the  great  demand  for  sesame  oil  in  the  margarine  industry), 
sesame  cake  is  fraudulently  admixed  to  linseed  cake.  The  microscopical 
examination  reveals  the  admixture. 

^  For  tlie  examination  of  linseed  cakes  cj).  E.  Collin,  Jouru.  PImrm.  Chim.,  1909 
(vi.),  256  ;  also  L.  Viiailart,  Aim.  de.i /aim/.,  1911,  381. 

^  Dunstan,  licnry,  and  Auld,  Proc.  liiiynl  Soc,  190(i,  78,  145.  Cp.  al.so  C. 
Ravenna  and  M.  Zaniorani,  AUi,  ddU  Accad.  dei  Lined,  1911  (5),  ii.  356  ;  S.  II.  Collins, 
Journ.  Soc.  C'hevi.  Ind.,  1912,  507. 

'  Kiiring  gerniination  of  phasPMlits  hmatus  no  hydrocyanic  acid  is  liberated  by  the 
action  of  the  enzyme.    Gnignard,  Compl.  rend.,  1908,  1023. 
Henry  and  Auld,  ./ourn.  Snn.  Chem.  Ind.,  1908,  428. 
Cp.  also  Lewkowitsch,  Joimi.  Soc.  Chem.  Ind.,  1910,  1432, 
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A.  Gregroire  and  E.  Carpiaux  ^  base  a  method  of  detecting  sesame 
cake  on  the  fact  that  piire  sesame  cake  contains  about  2^  per  cent  of 
calcium  oxide  as  against  about  043  per  cent  in  linseed  cake. 

On  storing  the  oil,  the  moisture  and  the  mucilaginous  matter 
gradually  settle  out,  and  the  oil  thereby  acquires  a  higher  value,  especi- 
ally for  some  technical  uses,  as  in  the  making  of  varnish.  Such  oil, 
sometimes  kept  for  years,  is  known  as  "  tanked  oil."  The  smtability 
for  varnish-making  purposes  is  ascertained  rapidly  by  heating  the 
linseed  oil  in  a  test-tube.  Oil  from  which  gelatinous  matter  separates 
is  considered  unsuitable.  Seed  expressed  in  a  comparatively  fresh 
("  green  ")  state  yields  oil  containing  larger  quantities  of  "  mucilage  " 
than  seed  three  to  six  months  old.  The  gelatinous  matter,  "  mucilage  " 
or  "  spawn  "  or  "  break,"  contains  phosphates  and  traces  of  sulphates. 
G.  W.  Thompson  ^  found  that  a  sample  of  freshly  expressed  linseed  oil 
heated  to  400°  F.  yielded  0-277  per  cent  of  a  precipitate.  On  washing 
it  with  petroleum  ether  to  remove  the  oil  completely,  this  foreign 
substance  gave  47-79  per  cent  of  ash  (0-1177  per  cent  of  the  original  oil), 
consisting  of  20-96  per  cent  calcium  oxide,  18-54  per  cent  magnesium 
oxide,  59-85  per  cent  phosphorus  pentoxide,  and  traces  of  sulphate. 
Other  specimens  of  linseed  oil  gave  the  following  results  : — 


Description. 

1.  Fresh  double-filtered  raw  American  linseed  oil 

2.  "  " 

3.  Good  well-settled  „  » 

4.  Best  American  linseed  varnish  oil  „ 


Asli. 
Per  cent. 

0-1429 

0-1967 

0-0609 

Traces 


In  my  own  practice  I  have  met  with  linseed  oils  contaimng  as  much 
as  0-2  per  cent  of  ash.    Such  oils  give  a  notable  amount  of  mucilage. 

The  following  analyses  of  "  Ether-Insoluble  Mass,"  obtamed  from 
"  foots,"  ^  may  prove  of  interest : — 


Linseed  Oil 
"  Foots,"  from  Oil 
prepared  by 
Hydraulic 
Pressure. 

Linseed  Oil 
"  Foots,"  from  Oil 
prepared  by 
Extraction  witli 
Naphtlia. 

Linseed  Oil 
"  Brealc,"  obtained 
from  Naphtlia- 
extracted  Oil,  by 
heating  to  500°  F. 
witli  Superheated 
Steam. 

Manganese  oxide 

Phosphorus  pentoxide  . 
Sulphuric  acid 

Per  cent. 
nU 

3-  26 

4-  99 
81-08 

10-27 

Per  cent. 
I.  II. 
12-53  34-38 
0-51  7-98 
3-17  8-39 
6-25  46-50 
72-75  ... 

present 

Per  cent. 

0-  23 

1-  00 
23-53 
14-51 
60-30 
none 

1  Bull.  Soc.  chim.  de  Belgique,  1912  (26),  479. 

2  Journ.  Sue.  Chem.  hid.,  1903,  1005  ,  „   N  Ponthorne  Journ.  hid.  and 

3  Collated  from  notes  by  0.  Ei8en.schime  and  H.  N.  Copthorne,  Journ. 

Eng.  Chem.,  1910,  29. 
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E.  W.  Boughton  ^  found  in  sixteen  specimens  of  raw  linseed  oil 
traces  of  manganese  (up  to  0-0008  per  cent). 

The  bulk  of  linseed  oil  is  at  present  produced  by  expression.  Tlie 
main  reason  for  this  is  that  the  hot-pressed  cake  is  valuable  as  cattle 
food,  whilst  linseed  meal  obtained  by  extraction  with  solvents  could 
only  be  used  as  manm-e,  at  any  rate  in  this  country.^  In  the  United 
States  of  America  some  linseed  is  extracted  with  solvents  (naphtha), 
as  it  is  thought  that  the  oil  so  obtained,  being  richer  in  unsaturated 
acids,  and  containing  less  mucilaginous  matter,  would  be  more  suitable 
for  the  oil  and  paint  trade.  This  has,  however,  not  been  borne  out  by 
practice,  extracted  oil  having  been  found  unsuitable  as  a  paint  oil 
(cp.  Vol.  III.  "  Paint  OUs  ").  Moreover,  the  oil  obtained  by  extracting 
with  carbon  bisulphide,  petroleum  ether,  etc.,  possesses  inferior  colour 
and  a  more  unpleasant  smeU  than  expressed  oU.^  Therefore  it  would 
only  be  profitable  to  extract  damaged  seed,  which  does  not  yield  proper 
cattle  food. 

As  mentioned  already,  the  impurities  settle  out  on  long  standing, 
especially  in  the  cold,*  and  the  enhanced  value  of  "  tanked  oil  "  consists 
in  the  comparative  freedom  of  such  oil  from  foreign  substances.  A 
more  rapid  method  of  removing  these  impurities  is  to  refine  the  oil, 
as  in  the  manufacture  of  "  paint  oils."  The  process  consists  in  treating 
linseed  oil  with  1  to  2  per  cent  of  somewhat  concentrated  sulphuric 
acid.  The  charred  mass  carries  down  with  it  the  bulk  of  impurities 
contained  in  the  crude  oil.  For  the  manufacture  of  the  best  and  finest 
kinds  of  linseed  oil—"  artists'  oil" — ^the  seed  is  pressed  in  the  cold,  and  the 
refined  oU  is  subjected  to  "  sun-bleaching,"  by  exposure  in  shallow  zinc 
trays  under  glass  to  the  action  of  sunlight.  Powdered  lead  placed  in 
the  trays  accelerates  the  bleaching  process.  Genthe  ^  proposes  to  bleach 
linseed  oil  by  exposure  to  the  Cooper  Hewitt  mercury  lamp,  whilst  a 
current  of  air  is  pressed  through  the  well-agitated  oil.^  (Cp.  Vol.  III. 
"  Boiled  Oils.")  Dark  linseed  oils  intended  for  soft  soap  are  usually 
bleached  in  the  soap  works  themselves  by  treatment  with  a  small 
amount  of  caustic  potash.  The  soap  which  is  formed  carries  down 
with  it  colouring  matters. 

A  number  of  patents  have  been  taken  out  for  the  refimng  of  linseed 
oil  by  means  of  ozone  ;  the  writer  examined  several  processes  worked 
on  a  semi-large  scale,  but  none  of  them  can  be  said  to  have  superseded 
the  usual  methods. — Attempts  made  by  the  author  to  remove  the  solid 
glycerides  from  linseed  oil  on  a  commercial  scale,  with  a  view. to  obtaining 
an  oil  of  still  higher  drying  power  than  is  possessed  by  refined  oils, 

Jonrn.  hid.  and  Knr/.  Chrjn..,  1913  (5),  282. 

"  Tlie  German  Agricultural  Associations  distinctly  exclude  by  their  specilicatlons 
cakes  containing  (extracted  meal.  Such  meal  is  exported  to  Europe  under  the  name  of 
"  Cleveland  meal  "  (see  p.  28). 

^  Cp.  Mitarewski,  Ohein.  Zeil.  Rep.,  1906,  241. 
Cp.  Niegemann's  German  patent  163,056,  \>.  31. 

°  German  patent  223,419.    Cp.  Flatt,  Farhim-ZeitHng,  1907,  108. 

"  Cp.  also  German  patent  11,213,  1880,  Cattanacli.  Linseed  oil  is  also  Weaelied 
with  potassium  liicliromate  in  hyilrochloiic  acid,  bleaching  jiowder,  etc.,  but  as  it  is 
dillicult  to  remove  the  last  traces  of  chemicals  these  processes  are  not  i)ractised 
frequently. 
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have  not  proved  successful.  The  value  of  the  method  patented  by 
Hertkorn  ^  for  achieving  the  same  object  appears  therefore  rather 
doubtful. 


The  chemical  composition  of  linseed  oil  is  but  imperfectly  known. 
Mulder  was  the  first  to  state  that  the  oil  contains  about  10  per  cent  of 
glycerides  of  solid  fatty  acids,  consisting  of  palmitic  and  myristic  acids 
in  about  equal  proportions.  The  soUd  acids  separated  from  the  hquid 
acids'  by  means  of  the  lead-salt-ether  method  contained,  however, 
notable  quantities  of  liquid  acids.  Tolman  and  Munson  ^  found  by 
the  same  method  only  3-88  per  cent  of  solid  acids.  The  total  fatty 
acids  can  be  distilled  in  vacuo  without  undergoing  decomposition,  but 
they  cannot  be  thus  separated  from  each  other.  Holler^  showed 
(by  fractional  distillation  of  the  ethyl  esters  of  linseed  oil,  see  Vol.  I. 
Chap.  XII.),  that  amongst  the  solid  acids  of  linseed  oil  also  stearic  acid 
occurs  in  appreciable  proportions,  and  arachidic  acid  in  very  small 
quantities.  It  may  be  pointed  out  that  the  iodine  values  of  the  linseed 
oils  examined  by  Haller  varied  from  168  to  175.  These  numbers  are 
somewhat  low,  and  it  would  therefore  appear  that  Unseed  oils  of  higher 
iodine  values  must  be  poorer  in  solid  acids. 

The  earliest  statement  by  Hazura  and  Griissner,  that  the  fatty  acids 
of  linseed  oil  consist  of  5  per  cent  of  oleic  acid,  15  per  cent  of  linoUc  acid, 
15  per  cent  of  linolenic  acid,  and  65  per  cent  of  "  isolinolenic  "  acid, 
allowing  as  a  maximum  10  per  cent  of  solid  acids,  would  lead  to  a  much 
higher  iodine  value  than  actual  experiments  warrant.  This  is  shown 
by  the  following  calculation.  A  mixture  of  fatty  acids  having  the 
following  composition  : — 

Per  cent. 

Solid  acids       .  _         .         .  10 


Oleic  acid 
Linolic  acid 
Linolenic  acid 
"  Isolinolenic  " 


acid" 


4-5 
13-5 
13-5 
68-5 

100-0 


should  absorb,  theoretically,  225-89  per  cent  of  lodme  The  liquid 
atty  acids,  freed  from  soUd  acids,  should  therefore  have  the  calculated 
odine  value  of  250-9,  whereas  the  highest  number  foimd  m  ^J^^^^ 
for  the  liquid  fatty  acids  (prepared  by  Tortdh  and  i?«^^en  s  me  hod) 
was  oiy^210.  To%xplain  the  discrepancy  Fahnon  assumed  that  raw 
linseed  oil  is  polymerised  during  the  process  of  manufacture.  This 
assumption,  however,  cannot  be  substantiated. 

From  the  percentage  of  ether-msoluble  bromides  41-9  per  jnt 
I  found  (see  table,  p.  53)  the  calculated  proportion  of  li^ol^^  -^^  i| 
15  4  per  cent  only,  since  100  parts  of  hexabromide  correspond  to  36  68 

1  German  patents  129,809  and  137,306  ;  cp.  JalM  der  Cliemie,  xii.  370. 

2  Jourii.  Amer.  Ghem.  Soc,  1903,  960. 

3  Oompt.  rend.,  1906  (146),  259.  ,in„i,te(l  sec  Vol.  1.  Chap.  HI. 
*  The  existence  of  isolinolenic  acid  must  also  be  donbtecl,  stc  vo  . 
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parts  of  linolenic  acid.  This  amount  may  be  below  the  true  one,  but 
tke  deficiency  is  not  sufliciently  explained  by  assuming  that  some 
ether-insoluble  bromide  was  dissolved  together  with  linolic  tetrabromide ; 
for  experiments  which  I  made  with  varying  amounts  of  bromine  and 
ether  did  not  lead  to  results  differing  materially  from  the  above-named 
percentage  of  ether-insoluble  bromide,  viz.  41-9  per  cent  under  the 
experimental  conditions  described  in  Vol.  I.  Chap.  VIII.  p.  570.  The 
following  is  an  account  of  an  examination  of  a  specimen  of  linseed  oil 
carried  out  in  my  laboratory  : — The  sample  had  the  iodine  value 
1904,  it  yielded  37-72  per  cent  of  ether-insoluble  brominated  glycerides, 
and  8-9  per  cent  of  sohd  acids  of  the  iodine  value  22-3  (by  the  lead- 
salt-ether  method  ■*-).  After  passing  the  solid  acids  once  more  through 
the  same  process,  7-5  per  cent  of  solid  fatty  acids  of  the  iodine  value 
19-2  were  obtained.  The  mixed  fatty  acids  had  the  iodine  value  194-4, 
and  yielded  38-1  per  cent  of  ether-insoluble  bromide  of  the  melting 
point  176-4°  C.  Attempts  to  obtain  further  quantities  of  insoluble 
bromides  from  the  ethereal  filtrate  failed  (cp.  Vol.  I.  Chap.  VIII.  p.  571). 
The  amount  found,  calculated  to  hexabromide,  leads  to  14  per  cent 
of  Unolenic  acid.  But  even  on  the  assumption  that  linseed  oil  contains 
no  oleic  acid — the  dihydroxystearic  acid  obtained  by  Hazura  being 
regarded  as  a  product  of  secondary  reaction — the  iodine  value  of  the 
mixed  fatty  acids  would  only  come  to  182-2,  as  shown  by  the  following 
calculation  : — 


Per  cent. 

lodiue  Value. 

Solid  fatty  acids  of  the  iodine  value  19'2 

7-5 

1-4 

Linolenic  acid  ..... 

14-0 

38-4 

Linolic  acid,  by  difference 

78-5 

142-4 

182-2 

whereas  experiment  led  to  194-4. 

This  would  show  that  the  percentage  of  linolenic  acid  is  taken  too 
low.  Whether  this  be  due  to  part  of  the  hexabromide  having  remained 
in  the  filtrate  or  whether,  according  to  Rollet's  theory,  only  one-fourth 
of  the  hexabromides  has  crystallised  out,  must  be  left  open  to  doubt. 
Tested  by  RolleCs  theory,  the  last  table  would  work  out  as  follows  : — 


Por  cent. 

loiline  Value. 

Solid  fatty  acids  of  the  iodine  value  19-2 
Linolenic  acid  ...... 

Linolic  acid,  by  difference  .... 

7-5 
56-0 
36-5 

1-4 
153-0 
6G0G 

100-0 

220-40 

'  By  precipitation  with  lithium  acetate  Fahrion  obtained  an  acid  of  iodine  value 
22-5  ;  yiehl7  per  cent  (Xcilschr. /.  anyew.  Chcm.,  1904,  1484). 
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The  last  figure  would  be  too  high  ;  it  might  be  reduced  by  assuming 
that  there  is  some  oleic  acid  present  which  would  reduce  the  percentage 
of  the  linolic  acid  and  thus  bring  down  the  iodine  value.  If,  on  the 
other  hand,  Rollet's  theory  be  rejected,  and  Erdmann  and,  Bedford's 
figures  be  accepted,  viz.  that  the  most  unsaturated  acids  consist  of  78 
per  cent  of  linolic  acid  and  22  per  cent  linolenic  acid  as  derived  from 
the  hydrogen  value  of  the  mixed  liquid  fatty  acid,  and  allowing  no 
oleic  acid,  we  should  have  the  following  calculation  : — 


Per  cent. 

Iodine  Value. 

Solid  fatty  acids  of  the  iodine  value  19-2  . 
Linolenic  acid 
Linolic  acid 

7-5 
20-35 
72-15 

1-4 
55-76 
130-59 

100-0 

187-75 

which  is  again  too  low. 

Accepting  the  result  found  by-  Eibner  and  Muggenthaler  (Vol.  I. 
Chap.  VIII.  p.  573),  viz.  that  linseed  oil  yields  about  50  per  cent  of 
hexabromide,  this  would  lead  to  a  calculated  figure  of  21  per  cent  of 
linoUc  acid,  and  thus  bring  back  the  calculation  approximately  to  the 
last  one  embodying  Erdmann's  and  Bedford's  results. 

Fahrion  gave  the  composition  of  a  linseed  oil,  of  the  iodine  value 
173-2,  in  the  following  round  numbers,  to  which  the  author  has  added 
the  corresponding  iodine  values. 


Per  cent. 

Iodine  Value. 

Calculated  Iodine 
Absorjition. 

Solid  acids  . 

Oleic  acid 
Linolic  acid  . 
Linolenic  acid 

8-5 
0-8 

17-5  (approx.) 
30-0  (approx.) 
38-0  (approx.) 

6-8 
11-5 
90 

181 

274-1 

0-58 
0-09 
15-75 
54-42 
104-16 

94-8 

175-04 

The  proportion  of  oleic  acid  was  based  by  Fahrion  on  the  act  that 
a  certain  percentage  of  dihydroxystearic  acid  was  obtaraed  which  was 
again  calculated-on  the  basis  of  an  assumed  yield  of  60  per  cent-to 
oleTc  acid  There  is,  however,  proof  wanting  that  the  dihydroxystearic 
add  found  owes  its  origin  entkely  to  oleic  acid.  The  proportions  of 
Snolic  and  linolenic  acids  were  derived  from  a  method  of  oxidising 
the  atty  acids  on  cotton  wool.  As  this  method  must  be  considered 
a  very  hazardous  one,  the  agreement  of  the  calcidated  iodine  va  ue 
^Ih  the  iodine  value  of  the  Unseed  oil  camiot  be  considered  as  « W^trng 
le  calcdation,  and  no  definite  conclusions  can  be  derived,  m  the 
luthoS  oi^ron,  from  this  analysis  as  to  the  actual  occurrence  of 
linolic  acid  in  linseed  oil. 
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It  is  evident  that  further  researches  are  required  satisfactorily  to 
establish  the  composition  of  the  linseed  oil  fatty  acids.  ^ 

By  catalytic  reduction  with  hydrogen,  linseed  oil  can  be  converted 
into  completely  saturated  glycerides.  Paal  and  Roth  ^  obtained  by 
using  palladium  as  a  catalyst  a  brittle  mass,  melting  at  61-65°  C. 

On  exposure  to  air  in  a  thin  film  on  a  large  sm-face  linseed  oil  readily 
absorbs  oxygen,  and  dries  to  a  neutral  substance,  insoluble  in  ether 
(or  practically  insoluble  in  ether,  for  according  to  Fahrion,  it  passes 
almost  completely  into  solution  when  treated  with  a  large  quantity  of 
ether  during  one  year,  with  frequent  shaking).  This  substance,  the 
nature  of  which  has  not  been  ascertained  hitherto,  is  termed  "  linoxyn," 
and  is  stated  in  its  turn  to  be  further  oxidised  to  a  liquid  substance 
— superoxidised  oU  (cp.  Vol.  III.  Chap.  XV.  "  Oxidised  Oils  "). 

The  ready  absorption  of  oxygen  explains  the  occurrence  of  small 
amounts  of  "  oxidised  "  acids  in  even  comparatively  fresh  linseed  oils. 
When  kept  protected  from  moisture,  air,  and  light,  linseed  oil  keeps 
indefinitely,  as  shown  by  the  following  table,  which  contains  the  pro- 
portions of  "  oxidised  "  acids  in  some  (comparatively)  fresh  and  old 
linseed  oils  examined  by  Lewkowitsch  ^  (together  with  a  few  other 
"  characteristics  "  and  "  variables  ")  : — 


"Oxi- 
dised " 
Acids. 

Specific 
Gravity. 

Butyro-re- 
fractometer. 
"  Degrees." 

Saponific. 
Value. 

Iodine 
Value. 

Acid 
Value. 

Unsaponi- 
fiable. 

At  15-5°  C. 
(water 
15-5  =  1). 

At 
20°  C. 

At 
25°  C. 

Per 

Oil  from  finest  Calcutta  seed,  2 

cent. 

Per  cent. 

months  old  .... 

0-65 

0-9316 

84 

82 

193-2 

170-46 

1-3 

0-65 

Oil  from  finest  Calcutta  seed,  3 

years  old,  kept  the  whole  time 

protected  from  air  and  light . 

0-7 

0-9324 

84 

81 

192-5 

174-0 

1-3 

0-7 

Finest  St.  Petersburg  seed,  3 

months  old  .... 

0-88 

0-9334 

86-5 

84 

192-2 

177-3 

1-3 

1-1 

Finest  St.  Petersburg  seed,  7 

months  old  .... 

0-56 

0-9345 

87 

84 

193-1 

176-2 

1-3 

0-98 

Baltic  (commercial)  seed,  con- 

taining ravison  and  cameline 

seed  ..... 

0-73 

0-9343 

86-5 

84 

194-3 

170-1 

1-3 

11 

Finest  and  purest  Baltic  seed. 

kept  13  years  protected  from 

air  and  light 

1'95 

0-9410 

90 

87 

195-2 

175-8 

7-2 

1-1 

As  will  be  gathered  from  the  preceding  table,  the  proportion  of 
free  fatty  acids  in  linseed  oil  is  as  a  rule  small ;  it  rarely  exceeds  in 
good  commercial  samples  1-1-5  per  cent.  The  acetyl  value  of  linseed 
oil  was  found  by  Lewkowitsch  3-9.  The  proportion  of  unsaponifiable 
matter  varies  in  commercial  samples  from  0-3  to  1-2  and  even  2  per 


1  Cp.  also  Vol.  T.  Cliap.  VIFI. 

2  JiericlUe,  1909,  1550. 

3  Joiirn.  Soc.  Ohem.  Ind.,  1899,  51  ;  Oliem.  Reviie,  1898,  211. 
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cent  (in  River  Plate  oil),  the  amount  depending  on  the  care  with  which 
the  manufacture  has  been  carried  out  ^  in  the  press-room.  If  the  piston 
of  the  hydraulic  press  works  in  mineral  oil,  contamination  with  the 
latter  may  easily  take  place.  The  unsaponifiable  matter  contains 
phytosterol,  but  no  stigmasterol  ^  (difference  from  rape  oil). 

On  heating  linseed  oH  to  250°-300°  C.  the  specific  gravity  iricreases 
considerably  owing  to  the  formation  of  polymerisation  products  (see 
Vol.  III.  Chap.  XV.  "  Polymerised  Oils  "). 

The  United  States  Government  specifications  for  linseed  oil  (August 

15,  1912)  are  as  foUows  :—  xw.ii 

The  oil  must  be  strictly  pure,  well-settled  hnseed  oil,  perfectly  clear, 
and  not  show  any  deposits  of  "  foots  "  or  a  loss  of  more  than  0-2  per  cent, 
when  heated  for  one  half-hour  to  a  temperature  of  fi-om  103  0.  to 
105°  C.  •  it  must  show  on  examination  the  following  characters  :— 


Maximum. 

Minimum. 

Specific  gravity  at  15°  C. 

Specific  gravity  at  25°  C.        •        •        ■  ■ 

Iodine  value  (Hanus)  

Saponification  value       •       ■       •       •  • 
Acid  value 

Refractive  index  at  25°  C  

Unsaponifiable  matter  ...  per  cent 

0-936 

0-  931 
190 
192 

3 

1-  4805 
1-5 

0-932 

0-  927 
178 
189 

1-  479 

The  oil,  when  poured  on  a  glass  plate  and  aUowed  to  dram  and  diy 
in  a  vertical  position,  guarded  from  dust  and  exposure  to  weathei^ 
must  dry  fi-ee  fi-om  tackiness  in  less  than  75  hours  at  a  temperatm-e 

of  from  15-5°  C.  to  26-5°  C. 

The  foUowing  tests  will  be  found  sufficient  for  the  examination  of 

^  '  Spelm^Gravity.-Linseed  oil  has  a  higher  specific  gravity  than 

any  fat?y  oil  that  would  be  used  to  adulterate  it,  with  the  exception  of 

tX  dl    Hence  a  lower  specific  gravity  than  0-93  m  a  given  sample 

wTuld  Lft  Mention  to  the  presence  of  other  fatty  o;1b  or  m^^^^^^^ 

X  A  higher  gravity  would  indicate  probable  adulteration  with 
oils.    A  mgner  gr      y  ^^^^         ^^^^^        ^  ^^^^ 

sreTific  grav'^^^  oH,  would  m  the  fii-st  instance  be  detected 

'^?hVS'e:r'4CSc  gravity  of  a  Imseed  oil,  the  more  suitable 
it  is'tMe  purpose^s  of 

-         „  „f  tV,P  inisanouiliable  matter  in  linseed  oils  of 

ibicL,  1904,  885  ;  F.  Lorentz,  ibuL,  1904,  8ia. 

2  lierichle,  1907,  3682.  jggg  591, 

»  Cliem.  liemce,  1899,  29  ;  Jotmi.  Soc.  Ckeni.  ma., 
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oils  varied  from  0-9310  to  0-9352  as  their  iodine  values  varied  from 
180-1  to  200.  On  storing  ("  tanking  "),  the  specific  gravity  increases, 
as  shown  by  the  numbers  recorded  in  the  last  given  table. 

The  increase  must  be  ascribed  to  a  slight  oxidation  of  the  oil,  due 
to  the  absorption  of  oxygen,  and  not  to  polymerisation. 

Iodine  Value. — Linseed  oil  has,  with  the  exception  of  perilla  oil, 
the  highest  iodine  value  of  all  known  fatty  oils.  Hence  the  iodine  test 
is  the  most  characteristic  one  for  identifying  a  sample.  The  iodine 
numbers  given  by  earlier  observers  are  much  too  low,  owing  to  too  small 
an  excess  of  iodine  solution  having  been  used  ;  those  values  have  there- 
fore not  been  recorded  in  the  above  given  tables.  Correct  iodine  values 
are  obtained  by  allowing  the  Hiibl  iodine  solution  to  act  eighteen  hoiu's  ; 
on  using  the  Wijs  iodine  solution  six  hours  sufiice.  In  either  case  an 
excess  of  iodine  must  be  present,  about  equal  to  the  quantity  of  iodine 
absorbed. 

If  the  iodine  value  of  a  sample  falls  below  170,  the  presumption 
that  the  sample  has  been  adulterated  is  justified.  Lower  iodine  values 
have  been  found  occasionally  in  "  genuine  "  linseed  oils,  but  the  adul- 
teration may  have  taken  place  in  the  seed  itself,  as  it  were,  the  oil 
having  been  produced  from  impm-e  or  adulterated  linseed  (see  below). 
Oils  bleached  with  bichromate  and  hydrochloric  acid  absorb  less  than 
150  per  cent  of  iodine. 

Somewhat  lower  values  than  those  given  in  the  table  may  also  be 
due  to  an  oil  having  been  exposed  to  the  atmosphere,  and  thereby 
having  absorbed  oxygen.  This  point  must  be  borne  in  mind  before 
a  sample  can  be  pronounced  adulterated,  as  purity  of  an  exposed  oil 
is  quite  consistent  with  a  somewhat  low  iodine  value. 

A  high  iodine  value  of  itself  is,  however,  not  proof  of  purity,  since 
other  drying  oils,  fish  oils,  and  rosin  oils  may  be  admixed  with  linseed 
oil  in  considerable  quantities,  and  yet  furnish  numbers  lying  in  the 
neighbourhood  of  those  given  in  the  table  of  characteristics. 

The  following  table,  containing  the  iodine  values  of  linseed  oils 
from  specified  sources,  will  be  found  useful : — 


VOL.  II 
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Kind  of  Linseed. 

Iodine  Value  of  Oil.l 

Observer. 

Baltic  

190-201 

Lewkowif^iph  2 

) )  ...... 

190-204 

Infflfi 

Archangel,  "Wiatka,  Petersburg,  Reval, 

Pernau,  Riga,  Libau 

188-5-200 

Wijs 

Central  Russia  (Samara,  Steppes) 

188-9-189-1 

Black  Sea,  Asoff ;  Taganrog 

176-3-182-5 

>  s 

Black  Sea  ...... 

176-182 

Ingle 

East  India  

170-190 

Lewkowitsch 

J  J        •       .       .       .  . 

182 -2-187 -5 

Wiis 
Ingle 

River  Plate  ..... 

180-189 

J  J        •       ..             .       .  . 

174-7-182-7 

Wiis 

1}  ...... 

179-194 

Lewkowitsch 

)  1        •       .       .  . 

175-186 

Ingle 

Dutch  

191-5-201-8 

Wijs 
Ingle 

Commercial  

181-5 

North  America  

178-1-188-5 

Wijs 

1)  )»••••. 

194-194-6 

Thomson  and 

177-188 

Dunlop 

)j         i>       •       •       .       •  • 

Ingle 

Danube  countries  .... 

182-1 

Wijs 
Grimms 

Chinese  

194 

Mixed  Linseed  :  from — 

Dutch  and  Baltic  .... 

199-1 

Wijs 

Various  Baltic  seeds  .... 

198-4 

1  Baltic  and  ^  Dutch  .... 

195-7-197-5 

1     ,,     and  4    ,,  . 

195-1-195-4 

1  Black  Sea  and  j  Baltic  . 

185-5 

^      ,,       and      River  Plate  . 

183-7 

1  Black  Sea,  J  River  Plate,  J  East 
India,  ^  North  America  . 

183-3 

i  La  Plata,  J  East  India,  J  Black  Sea 

183-2 

8               13                 ^               »>                      ^  >) 

182-9 

g  East  India,  J  Black  Sea  . 

182-7 

Black  Sea  and  East  India  . 

181-5 

Black  Sea,  and  East  India,  and  North 

America  ..... 

181-1 

M 

4  Black  Sea  and  ^  East  India 

180-9 

Jl 

§  Eiver  Plate  and  J  East  India  .  .' 

180-1 

>  1 

River  Plate,  Black  Sea,  East  India 

178-7 

l> 

Bporaide  Test. — This  is  an  important  test  for  purity.  Pure  linseed 
oils  yield  up  to  38  per  cent  of  crude  ether-insoluble  brominated  glycerides. 
From  the  table  given  in  Vol.  I.  Chap.  VII.  it  will  be  gathered  that  all 
other  drying  oils  such  as  tung  oil,  poppy  seed  oil,  safflower  seed  oU, 
candle  nut  oil,  soya  bean  oil,  either  yield  much  smaller  quantities  or 
no  ether-insoluble  brominated  glycerides.  If  a  sample  yield  less  than 
20  per  cent  brominated  glycerides,  the  presence  of  other  oils  may  be 
inferred  with  certainty.  It  is  much  preferable,  however,  to  brominate 
the  mixed  fatty  acids  (prepared  with  due  precaution  against  oxidation), 

1  During  recent  years  greater  care  is  taken  in  all  linseed-producing  countries  to 
market  purer  seed  than  was  obtained  previously  (see  above,  p,  54). 
'  Cp.  also  table,  p.  63. 
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and  to  isolate  the  liuolenic  liexabromide.  Linseed  oil  mixed  fatty- 
acids  yield  (by  the  method  described  Vol.  I.  Chap.  VIII.  p.  570)  up  to 
42  per  cent  of  bromide,  melting  from  175°  to  180°  C,  whereas  all  other 
drying  (vegetable)  oils  give  much  smaller  quantities  (cp.  Vol.  I.  Chap. 
Vill.  p.  571). 

Since  fish,  liver,  and  blubber  oils  also  yield  high  percentages 
of  insoluble  bromo-products  in  the  bromide  test — octo-hromide — the 
determination  of  the  melting  point  of  the  bromides  must  not  be  omitted. 
Linolenic  hexabromide  from  drying  oils  melts  at  175°-180°  C.  to  a  clear 
liquid,  whereas  the  octobromides  fi'om  fish,  liver,  and  blubber  oils 
do  not  melt  at  these  temperatures,  being  converted  at  about  200°  C. 
into  a  black  mass.  Experiments  carried  out  in  my  laboratory  proved 
that  it  is  thus  possible  to  detect  admixtures  of  10  per  cent  of  fish  oil 
with  linseed  oil.    (Vol.  I.  Chap.  VIII.  p.  571.) 

Eihner  and  MiiggentJialer's  method  yields  much  higher  proportions 
of  hexabromide  than  given  above  ;  these  authors  find  in  a  number  of 
linseed  oils  the  following  proportions  of  hexabromide  of  melting  point 
177°  C. 

Per  cent. 

Baltic  57-96 

Dutch  51-73 

Argentine  ....  51-66 
Indian  50-50 

The  thermal  reactions  which  linseed  oil  gives  are  not  characteristic 
enough  for  purposes  of  identification,  and  on  account  of  their  indefinite- 
ness  and  the  trouble  involved  in  the  determination,  their  employment 
is  not  recommended  for  isolated  tests  in  an  analytical  laboratory. 
For  special  purposes,  however,  as  in  a  works  where  a  large  number  of 
tests  must  be  made  rapidly,  the  Maumene  reaction,  or,  better  still,  the 
bromine  thermal  test,  may  be  usefrdly  applied. 

Thus  oils  that  are  known  to  be  pure  can  be  quickly  sorted  into  those 
which  have  the  lowest  iodine  value,  and  hence  are  suitable  for  soap- 
making  pitrposes,  and  those  of  a  high  iodine  value  which  are  preferably 
used  in  the  manufacture  of  varnish  and  linoleum.  It  should,  however, 
be  understood  that  the  operator  himself  must  determine  by  experiments 
the  factor  which  applies  to  the  particular  conditions  under  which  the 
test  is  carried  out.  The  following  table  will  show  how  necessary  it  is 
for  each  operator  to  ascertain  the  factor  which  represents,  as  it  were, 
the  personal  equation  of  his  experiments  : — 
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Kind  of 
Lins6G(i  Oil. 

Thennal 

Hubl 

Value. 
°  C. 

Iodine 
Value. 

Ix5-o. 

1x5-7. 

ixo-0. 

Observer. 

I. 

30-4 

160-7 

167  -2 

Helmer  and  Mifphpll 

... 

31-3 

154-9 

172-0 

' '  >> 

XtiCL  YY    J.i,lJoCCLl  • 

30-55 

1  7*^  -Q 
Hot/ 

T      1  -  1 

J  6iiKins 

Old  Qfl Til nl A 

28 '5 

1fi7-1 

1  71  -n 

) ) 

28 '8 

177-0 
111  \j 

... 

I  79-R 

II  ^  o 

ATllPTlPflTl 

29'8 

177-0 

1  77-fi 
III  0 

" 

29 '7 

]  77  -8 

1  7S-'5 

" 

Ti^a Qt^  Tnrlin.Ti 

29 '8 

178-7 

X  1  O  1 

1  7S-S 

J-  /  o  o 

)  1                5  ) 

.30-45 

183-3 

182-7 

Baltic  . 

31-35 

188-5 

188-1 

31 -4 

188-8 

188-4 

)  1     •  ■ 

31-75 

188-8 

190-5 

11     •  • 

32-5 

192-5 

195-0 

In  doubtful  cases  the  determination  of  the  iodine  value  must  of 
course  be  resorted  to,  as  only  this  test  furnishes  unmistakable  results. 

Oxygen  Absorption. — The  rapidity  with  which  a  given  sample  of 
linseed  oil  dries,  and  the  amount  of  oxygen  it  absorbs,  afford  guidance 
in  the  valuation  of  a  linseed  oil  recognised  as  pure  ;  for  the  commercial 
value  of  a  sample  of  linseed  oil  intended  for  the  manufacture  of  varnish 
depends  on  its  drying  power,  which  is  determined  by  the  amount  of 
oxygen  it  absorbs,  and  also  by  the  time  it  requires  for  drying  to  an 
elastic  skin.  The  Livache  method,  as  also  the  glass-plate  method, 
■may  be  applied  for  quantitative  purposes  (cp.  Vol.  I.  Chap.  VII.),  but 
except  in  special  cases  little  information  can  be  derived  therefrom.^ 
It  is  of  far  greater  importance  to  observe  the  time  required  to  dry,  and 
the  nature  of  the  skin  formed.  This  test  is  the  one  usually  applied  in 
technical  work.  It  requires,  however,  a  good  deal  of  practical  experience 
to  judge  of  the  quality  of  an  oil  by  the  drying  test.  The  analyst  called 
upon  to  give  an  opinion  should  compare  a  given  sample  with  an  oil 
known  to  be  pure  and  of  good  quaUty,  by  exposing  side  by  side  a  number 
of  glass  plates  coated,  by  means  of  a  palette  knife,  with  a  very  thin 
film  of  oil,  so  that  exactly  the  same  conditions  obtain  throughout.  A 
good  linseed  oil  should  become  dry  in  less  than  three  days  ;  it  should 
not  be  tacky  on  touching  with  the  fingers,  and  should  yield  an  elastic, 
coherent  skin.  Oils  containing  considerable  amounts  of  unsaponifiable 
matter  or  foreign  oils  will  be  incidentally  detected  by  this  test,  inasmuch 
as  these  prevent  the  formation  of  a  good  elastic  skin.  Linseed  oil 
mixed  with  5  per  cent  pyi-idine  is  stated  to  dry  slowly  and  uniformly 
without  cracks.* 

An  important  test  in  judging  of  the  suitability  of  a  linseed  oil  for 
making  paint  oils  and  varnishes  is  to  heat  a  few  c.c.  in  a  test-tube  up 

1  Jotirn.  Soc.  Chem.  Ind.,  1897,  194.  -  Ihid.,  1897,  311- 

3  For  a  modification  of  Livache'.s  tests  cp.  Blsdon  and  Hawley,  AnalysU  191ii,  1. 

*  W.  Ostwald.    English  patent  10,361,  1910. 
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to  600°  F.,  that  is,  until  the  oil  commences  to  boil  up.  Good  oil  should 
remain  clear  on  cooling  (as  a  rule  it  will  have  become  lighter  in  colour). 
From  impure  oils  mucilaginous  matter  ("  foots,"  see  p.  59)  will  separate 
as  a  gelatinous  mass  at  the  bottom  of  the  test-tube  ;  in  the  case  of 
low  quality  oils  this  mass  will  be  found  disseminated  through  the  oil. 
Oils  of  this  kind  are  unsuitable  for  the  manufacture  of  paint  and  varnish 
oils  (cp.  also  Chap.  XV.  B.  iii.  and  iv.). 

Linseed  oil,  being  one  of  the  cheapest  fatty  oils,  is  not  frequently 
adulterated  with  vegetable  oils.  However,  when  the  price  of  linseed 
oil  is  high,  cheaper  oils  are  extensively  added  as  adulterants. 

Drying  Oils. — The  presence  of  considerable  quantities  of  drying 
oils,  such  as  candle  nut  oil,  safflower  oil,  sunflower  oil,  and  especially 
soya  bean  oil,  is  indicated  by  an  iodine  value  lower  than  175.  Their 
presence  would  also  be  indicated  by  the  bromide  test,  if  the  yield  of  the 
ether-insoluble  bromides  of  the  mixed  acids  falls  below  30  per  cent. 
Since  tung  oil  and  poppy  seed  oil  yield  no  ether-insoluble  bromides, 
safflower,  soya  bean,  and  walnut  oils  a  very  small  quantity  only,  and 
candle  nut  oil  less  than  half  of  the  quantity  to  be  expected  from 
linseed  oil,  the  bromide  test  will  be  found  of  greater  help  than  the 
iodine  test. 

Cotton  Seed  Oil. — An  inducement  to  adulterate  linseed  oil  with 
cotton  seed  oil  will  only  present  itself  whenever  the  latter  is  cheaper 
than  linseed  oil.  The  presence  of  cotton  seed  oil  would  be  detected  by 
a  low  iodine  value  of  the  sample.  The  Halphen  colom-  test  should  be 
applied  as  a  confirmatory  test  (see  p.  203)  ;  the  melting  point  of  the 
fatty  acids  should  also  be  determined.  In  the  presence  of  considerable 
quaiatities  of  cotton  seed  oil,  the  titer  test  number  will  be  considerably 
above  20°  C. 

Rape  oil  is  indicated  by  a  lower  saponification  value  than  the 
normal  one  (of  course,  in  the  absence  of  unsaponifiable  oils).  A  few 
per  cent  of  rape  oil,  such  as  are  frequently  present  in  commercial  linseed 
oil,  will  not  be  detected  thereby.  The  saponification  value  will,  how- 
ever, in  many  cases  afiord  some  guidance  as  to  the  excess  of  foreign 
seeds  in  the  linseed  from  which  the  sample  has  been  obtained.  In 
important  cases  the  determination  of  erucic  acid  (Vol.  I.  Chap.  VIII. 
p.  553)  must  be  carried  out. 

Fish  Oils— Blubber  Oils.— Smce  fish  oils  absorb  fully  as  much 
iodine  as  linseed  oil  does,  and  yield  as  much  and  even  more  ether- 
insoluble  bromides,  the  quantitative  tests  alone  will  give  a  satisfactory 
answer,  and  it  is  imperative  to  take  the  melting  point  of  the  ether- 
insoluble  bromide  of  the  mixed  fatty  acids.  In  the  case  of  pure  linseed 
oil,  a  white  or  only  slightly  yellowish  hexabromide  is  obtained,  melting 
sharply  without  decomposition  at  175°-180°  C,  whereas  the  octobromides 
from  fish  and  blubber  oils  become  dark  or  almost  black  at  200°  C,  and 
do  not  melt.  Even  10  per  cent  of  fish  oil  can  thus  be  detected.  In 
doubtful  cases  the  phytosteryl  acetate  test  will  furnish  a  reliable  means 
for  the  detection  of  fish  (liver)  and  blubber  oils.  Crystallised  phyto- 
steryl acetate  from  pure  linseed  oil  melts  at  128°-129°  C.  {Bomer  and 
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Winter).  In  the  presence  of  cholesterol  the  melting  point  of  the  acetate 
is  much  lower. 

Unsaponifiable  Mattep.— Adulteration  with  mineral  oils  and  rosin 
oils  is  still  practised,  although  these  oils  are  very  easily  detected.  If 
only  one  of  these  two  oils  be  the  adulterant,  the  specific  gravity  of  the 
sample  alone  will  indicate  the  fm-ther  line  of  examination.  A  judiciously 
prepared  mixturS  of  both  unsaponifiable  oils  will,  however,  have  the 
proper  specific  gravity  of  linseed  oil. 

The  presence  of  either  adulterant  is  readily  indicated  by  a  low 
saponification  value  (below  190)  ;  the  amount  of  the  adulterant  is 
determined  by  weighing  the  unsaponifiable  matter.  Pm-e  linseed  oils 
contain  no  more  than  1-2  per  cent  of  unsaponifiable  matter.  If  a 
notable  amount  of  unsaponifiable  matter  has  been  found,  and  the 
presence  of  rosin  oil  be  suspected,  polarimetric  examination  will  give 
useful  indications.  Linseed  oil  is  practically  optically  inactive — a 
sample  of  East  India  oil,  examined  in  a  200  mm.  tube,  showed  the 
deviation  of  0°  6'  to  the  right — whereas  rosin  oil  is  strongly  dextro- 
rotatory (cp.  Vol.  III.  "  Lubricating  Oils  "). 

Rosin  (colophony)  is  best  detected  cjualitatively  by  applying  the 
Liebermami-Storch  reaction.  If  the  colour  of  the  sample  be  very  dark, 
it  is  best  to  warm  it  with  alcohol,  so  as  to  extract  the  bulk  of  the  colo- 
phony, and  test  the  alcoholic  extract.  The  amount  of  rosin  can  be 
determined  quantitatively  by  titrating  the  sample  with  aqueous 
standardised  alkali,  using  phenolphthalein  as  an  indicator.  From 
the  amount  so  found,  there  must  be  subtracted  the  amount  of  alkali 
used  for  neutralising  the  free  fatty  acid  in  linseed  oil — which  rarely 
exceeds  about  3  per  cent.  Test  experiments  made  in  my  laboratory 
with  mixtm-es  of  linseed  oil  and  rosin  proved  the  reliability  of  this 
method.  If,  however,  a  large  amount  of  linseed  oil  fatty  acids  is  present, 
as  in  linseed  oil  soap  stock  (see  Vo].  III.),  the  amount  of  rosin  in  the 
alcoholic  extract  must  be  determined  quantitatively  by  TwitclielV s 
method. 

Linseed  oil  is  very  extensively  used  as  stock  material  for  soft  soaps  ; 
for  this  pm-pose  those  oils  are  especially  employed  which  have  com- 
paratively low  iodine  values.  The  presence  of  mucilage  in  Unseed  oil 
is,  as  a  rule,  not  objected  to  by  the  soapmaker.  The  most  important 
application  of  linseed  oil  is  found  in  the  manufacture  of  boiled  oil  for 
paints,  varnishes,  lithographic  varnishes,  and  for  the  manufacture  of 
linoleum.  No  other  drying  oil  approaches  the  properties  of  linseed  oil, 
the  drying  oil  par  excellence.  Hence  linseed  oil  is  also  the  best  oil  for 
making  putty.  The  preparation  of  plastic  masses  by  heating  linseed 
with  finely  divided  magnesium  or  iron  (reduced  by  means  of  hydrogen) 
has  been  patented  by  Me usel  &  Co. ^  : 

The  manufacture  of  boiled  oil,  its  characteristics,  and  detection 
if  in  admixture  with  linseed  oil,  will  be  treated  in  Chapter  XV.,  as 
also  the  chemistry  and  technology  of  oxidised  linseed  oil. 

Linseed  oil  is  also  used  in  the  manufacture  of  "  Vulcanised  Oils  " 

1  German  patent  202,510  (Chemische  Fabrilc  Liegnitz,  Meusel  &  Co.,  cp.  Vol.  IH. 
Chap.  XV.  "  PolymerLsed  Oils  "). 
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(cp.  Vol.  III.  Chap.  XV.),  and  for  extracting  india-rubber  from  "  waste 
rubber."  .  . 

By  heating  linseed  oil  with  sulphur,  the  ofl&cial  oleum  Um  sulj.  is 

prepared.  .  ... 

Linseed  oil  fatty  acids  are  now  produced  as  a  commercial  article 
by  autoclaving  linseed  oil.  The  commercial  product,  "  linseed  oil  soap 
stock  fatty  acids,"  consists  as  a  rule  of  fi-om  80  to  85  per  cent  of  free 
fatty  acids,  the  remainder  being  unsaponified  fat.  The  "  fatty  acids  " 
are  chiefly  used  in  the  manufactm-e  of  soft  soap.  They  are  also  em- 
ployed as  solvents  in  the  production  of  "  fat-soluble  "  colours. 

Smaller  quantities  are  also  employed  in  the  industry  of  spirit  lacquers, 
it  being  claimed  for  them  that  they  assist  the  drying  of  the  lacquers. 


n'gart  oil 

N'G-art  oil  ^  is  obtained  from  the  fruits  of  Plukenetia  conophora, 
Miill.  Arg.,  a  liana  belonging  to  the  family  Burseracece,  widely 
cultivated  in  the  Cameroons  (district  Ossidinge)  between  the  maize 
plant.  The  fruit,  of  the  size  of  a  walnut,  contains  a  nut  having  a 
thin  shell,  which  encloses  a  loose  round  kernel.  The  weight  of  a 
kernel  varies  from  4  to  5  grms  ;  it  contains  53-8  to  59  per  cent  of 
a  pale  yellow  oil. 

The  following  characteristics  were  ascertained  : — 


Specific  gravity  at  15°  C. 

17-5°  C. 

SoUdifying  point 
Saponification  value 
Iodine  value 
Refractive  index  at  17-5°  C. 

15°  C. 

Iodine  value  of  the  mixed  fatty  acids 


■  33°  C 


0-9360 

0-  9354 

- 16  to  -  20°  C. 

192 
177-3;  204- 

1-  4830 
1-4835 

187-4;  190-210 


A  specimen  examined  by  Mulile  and  Hdmmelmann  ^  contained  3-01 
per  cent  "  oxidised  acids,"  and  yielded  47-7  per  cent  of  ether  insoluble 
bromides  melting  at  177-178°  C.  The  fatty  acids  had  an  iodine  value 
of  211.  On  heating  for  six  hours  at  300°  the  oil  gelatinises  in  a 
similar  manner  to  Chinese  wood  oil. 

The  fruits  are  gathered  by  the  natives,  and  the  expressed  oil  used 
for  edible  purposes.  The  taste  of  the  oil  is  similar  to  that  of  linseed 
oil.  Its  high  iodine  value  also  points  to  its  use  as  a  substitute  for 
linseed  oil.  Attention  has  been  drawn  to  this  oil  whilst  the  prices 
of  linseed  oil  were  abnormally  high. 

'  Native  name.— Brieger  and  Krauso,  ZcAlschr.  f.  angcw.  Chcvi.,  1909,  1373  ;  M. 
Krause  and  Diesselliorst,  Tmpevpjlunzer,  1909,  xiii.  281  ;  Chcm.  Rev.,  1912,  138  ; 
D.  Hokle  and  G.  Mcyerheim,  Ciiem.  ZeiL,  1912,  1075. 

^  By  Wijs'  method. 

'  Oliein.  ZenlralbL,  1913,  1.  587. 
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TUNG  OIL 

Under  tlie  name  "  Tung  Oil  "  are  comprised  here  two  fatty  oils, 
which  are  differentiated  in  commerce,  according  to  their  origin,  as 
"  Chinese  Tung  Oil  "  and  "  Japanese  Tung  Oil."  Synonymous  are 
the  terms  "  Chinese  Wood  Oil  "  and  "  Japanese  Wood  Oil."  Both 
oils  are  sold  in  commerce  as  "  Wood  Oil,"  but  this  term  should  be 
avoided  in  order  to  exclude  confusion  with  the  ethereal  gurjun  oil 
{gurjun  balsam),  also  known  in  commerce  as  wood  oil.  As  the  two 
kinds  of  tung  oil  differ  somewhat,  especially  in  their  specific  gravity, 
the  characteristics  of  the  two  oils  will  be  given  separately. 

(a)  CHINESE  TUNG  OIL  (CHINA  WOOD  OIL) 

French — Huile  d'abrasin,  Huile  de  hois  de  Chine.  German — Ohine- 
sisches  Tungol,  Chinesisches  Olfirnisbaumol  (Chinesisches  Holzol). 
Italian — Olio  di  legno  del  China. 

For  tables  of  characteristics  see  pp.  75,  76. 

Chinese  tung  oil  (first  mentioned  by  the  Jesuit  D'Incarville  (about 
the  year  1735)  as  a  common  adidterant  of  Chinese  lacquer)  is  obtained 
from  the  seeds  of  Aleurites  cordata,  Miill.  Arg.  (Elceococca  cordata,  Bl.  ; 
Elwococca  vernicia,  Juss.  ;  E.  sinensis,  Dryandra  vernica,  Carr.),  a 
tree  indigenous  to  China  ^  (Chinese,  Tung  Yu).  Trees  belonging  to 
the  same  species  also  grow  abundantly  in  Indo-China,  Tonkin,  Annam, 
and  Cambodja  (Tonkinese,  Cdy-trdou ;  Annamese,  Cdy-dau-son ; 
Cambodjese,  Doeum-chor-tuc) . 

The  fruits  form  a  nut,  in  which  three  to  five  seeds  having  a  hard 
shell  and  an  oleaginous  kernel  are  enclosed  ;  hence  in  China  the  oil 
is  frequently  termed  "  nut  oil,"  a  name  also  used  frequently  in 
commerce  {e.g.  "  China  nut  oil  "). 

The  composition  of  Chinese  tung  oils  varies  somewhat  according 
to  their  source,  and  the  treatment  of  the  seeds  in  different  localities. 
Three  kinds  of  seeds  are  distinguished — -yellow  {pay-yu),  drab  {hsin- 
yu),  and  white  {hung-yu).  The  seeds  are  roasted  in  a  flat  dish  over  a 
naked  fire  and  then  broken  to  powder  between  stones  ;  finally  the 
mass  is  expressed  in  crudely  made  wooden  presses.  The  kernels 
contain  about  53  per  cent  of  oil,  but  the  practical  yield  of  oil  amounts 
to  only  40-41  per  cent.  It  has  not  been  profitable  to  substitute  for 
the  native  plant  modern  hydraulic  presses  (cp.  p.  14).  The  cold- 
drawn  oil  is  pale  yellow,  and  is  termed  "  white  tung  oil."  This 
is  the  variety  chiefly  imported  into  Europe.  The  oil  obtained  by 
hot  pressing  is  dark  brown,  and  termed  "  black  tung  oil."  This  oil 
is  consumed  at  home  ;  it  has  an  unpleasant  taste,  and  its  odour  is 
more  pronounced  than  that  of  the  white  tung  oil,  which  is  also 
somewhat  unpleasant.    (This  odour  precludes  its  use  for  many 

'  Paulownia  imperialis,  Sieb.  et  Zucc.  (?) 
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purposes.)  The  characteristic  smell  seems  to  develop  whilst  the  oil 
is  in  transit  to  Europe,  for  oil  expressed  from  fresh  seeds  on  the  spot 
is  stated  to  have  by  no  means  an  unpleasant  smell.  The  objectionable 
smell  is  ascribed  ^  to  oil  originating  from  damaged  kernels. 

The  cakes  are  poisonous,  and  are  therefore  only  used  as  a  fertiliser, 
or  for  the  manufacture  of  lampblack.  Poisonous  properties  have 
also  been  attributed  by  some  writers  to  the  tung  oil  itself,  but  this  is 
open  to  doubt. 

About  one-half  of  the  oil  is  produced  in  the  provinces  Hunan  and 
Kweichow  ;  about  one-third  in  Szechuan,  and  the  remainder  in 
Hupei  (mostly  in  the  neighbourhood  of  Ichang).  Szechuan  oil  has 
the  lightest  colour.  The  oil  is  made  in  small  quantities  by  a  large 
number  of  producers,  from  whom  it  is  collected  by  middlemen,  who 
bring  it  to  Hankow,  where  foreign  merchants  clarify  the  oil  and  pack 
it  for  shipment. 

Statistics  of  production  are  not  available,  but  the  extent  of  the 
industry  may  be  gathered  from  the  customs  returns  stating  the 
export  figures  from  1897  (when  the  first  shipments  were  made  to 
Europe)  up  to  1911  :— 


Exports  of  Tung  Oil  from  Hanhow  and  Wuchow 


Year. 

Hankow. 

Wuchow 
(Canton). 

To  Foreign  Countries. 

To  Chinese  Ports.2 

Tons. 

Tons. 

1897 

13,049 

287  « 

1898 

19,707 

653 

1899 

21,044 

1237 

1900 

19,663 

1456 

1901 

16,701 

1802 

1906 

28,685 

1907 

23,540 

1910 

7,955 

42,702 

1911 

6,143 

37,841 

The  home  consumption  of  China  is  estimated  to  be  at  least  double 
the  amount  of  oil  exported. 

The  export  from  French  Indo-China  has  reached  300  to  400  tons 
per  annum  during  the  last  eight  years. 

The  imports  of  Chinese  tung  oil  into  Germany  amounted  in  the 
years  1911  and  1912  to  8665  and  6796  tons  respectively. 

Experiments  have  been  made  to  grow  the  China  wood  tree  in 
Chico,  California.  Although  the  United  States  forestry  department 
has  already  planted  a  considerable  number  of  trees,  and  is  ready 
to  distribute  5000  runners  to  the  members  of  the  Paint  Manufacturers 

'  Cp.  Falirion,  Zeitschr.  f.  any.  Cham.,  1905,  40G.  -  Shanghai,  etc. 

Seven  months  only. 
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Association,  it  is  doubtful  whether  the  cultivation  will  be  attended 
with  success. 

Chinese  tung  oil  consists  chiefly  of  the  glycerides  of  oleic  and 
elseomargaric  acids  (Vol.  I.  Chap.  I.).  According  to  i^a/inon,^  tung 
oil  contains  2  to  3  per  cent  of  saturated  fatty  acids  and  about  10  per 
cent  of  oleic  acid.  Although  tung  oil  gives  in  the  bromide  test  0-38 
per  cent  of  a  precipitate,  its  fatty  acids  do  not  yield  any  ether- 
insoluble  bromide,  neither  by  the  method  described  Vol.  I.  Chap. 
VIII.  p.  570,  nor  by  Eibner  and  Miiggenthaler's  method,  ibid.  p.  573. 
In  the  elaidin  test  an  oily  layer  is  obtained  resting  on  a  lower,  nearly 
solid  product ;  when  stirred  up,  the  whole  mass  flows. 

On  keeping,  tung  oil  becomes  jellified  and  solidifies  partly.  A 
specimen  kept  by  the  author  for  a  number  of  years  with  occasional 
access  of  light  had  solidified  to  gelatinous  and  jelly-like  tough  masses 
which  were  interspersed  with  crystals.  Cloez,^  who  first  observed 
this  phenomenon,  gave  the  explanation  that  the  liquid  glyceride  was 
converted  into  an  isomeric  solid  glyceride  —  eleostearin  —  which 
solidified  at  32°  C.  and  melted  at  34°  C.  R.  S.  Morrell  ^  observed 
that  in  Hankow  oil,  exposed  to  light  in  well-stoppered  glass  bottles, 
crystals  appeared  after  a  short  time,  and  that  after  one  year  about 
6  per  cent  of  the  oil  had  been  converted  into  the  crystalline  isomeride. 
The  crystals,  isolated  by  washing  with  acetone,  melted  at  61-62°  C. 
The  oil  obtained  from  the  acetone  solution  after  distilling  ofi  the 
solvent  in  a  current  of  carbon  dioxide  yielded  in  a  few  days  a  further 
crop  of  crystals  after  exposure  to  light.  Once  the  crystalHsation  had 
started,  treatment  with  acetone  seems  to  accelerate  the  transformation 
on  exposure  to  light.  The  crystals  are  soluble  in  chloroform,  ether, 
and  benzene  ;  they  are  very  sparingly  soluble  in  cold  alcohol — even 
boiling  alcohol  dissolves  about  5  per  cent  only, — and  are  readily 
soluble  in  hot  glacial  acetic  acid.  The  crystalline  substance  is  very 
readily  oxidised,  and  the  oxidised  glyceride  is  quite  insoluble  in  warm 
glacial  acetic  acid.    (Difiierence  from  the  original  oil.) 

1  Chem.  Zeit.  Rep.,  1912,  612. 

2  Compt.  rend.,  1876  (81),  469  ;  1877  (82),  501. 

3  Journ.  Chem.  Sue,  1912,  2083  ;  cp.  also  Kitt,  Chem.  Revue,  1905,  242. 
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Freshly  expressed  tung  oil  consists  almost  entirely  of  neutral 
alycerides  ;  the  samples  examined  in  Europe  contained  at  most  up 
to  6  per  cent  of  free  fatty  acids,  calculated  as  oleic  acid.  The  amount 
of  unsaponifiable  matter  in  the  tested  samples  did  not  exceed  0-8 
per  cent. 

The  characteristic  numbers  contained  in  the  two  tables,  p.  75,  p.  76, 
are  contrasted  with  those  of  Japanese  tung  oil  (Japanese  wood  oil). 
Cp.  also  the  table  given  p.  84. 

Chinese  tung  oil  is  readily  identified  by  its  strong  characteristic 
smell,  which  it  has  not  been  possible  hitherto  to  remove.  Chinese 
tung  oil  has  the  highest  specific  gravity  of  any  known  oil  with  the 
exception  of  castor  oil,  with  which  it  cannot  be  easily  confounded. 
(Japanese  tung  oil  has  a  lower  specific  gravity,  viz.  0-933-0-935  at 
15-5°  C.) 

The  oil  is  readily  differentiated  from  linseed  oil  by  the  manner  in 
which  it  dries.  It  possesses  even  more  strongly  pronounced  drying 
power  than  linseed  oil,  in  that  it  forms  a  skin  more  rapidly  than  linseed 
oil,  but  it  differs  from  the  latter  oil  in  that  it  gives  on  a  glass  plate  a 
dry  opaque  skin,  which  is  wax-like,  but  has  no  elasticity. 

Boughton  states  that  in  the  Livache  test,  using  0-5  grams  of  oil 
and  5  grams  of  litharge,  several  specimens  of  tung  oil  gained  after 
48  hours  from  0-9  to  5-9  per  cent,  and  after  96  hours  from  3-6-8-7 
per  cent  of  oxygen,  whereas  samples  of  linseed  oil  gained  in  the 
same  time  respectively  12-9  and  13-7  per  cent. 

The  film  formed  by  allowing  tung  oil  to  dry  on  a  glass  plate 
consists  to  a  considerable  extent  of  oxidised  acids,  and  is  characterised 
by  a  low  iodine  value  as  also  by  a  notable  amount  of  soluble  fatty 
acids.  The  product,  termed  by  Fahrion  "  tungoxyn  "  (cp.  "  lin- 
oxyn,"  p.  63),  will  be  further  described  in  Vol.  III.  Chap.  XV.  under 
"  Linoleum." 

At  higher  temperatures  than  the  ordinary  one,  tung  oil  dries  more 
rapidly  {Fahrion  ;  cp.  Chapman 

When  heated  with  lead  oxide  or  red  lead,  the  oil  gelatinises  within 
fifteen  minutes  to  a  light  brown  mass. 

A  very  characteristic  property  of  the  earliest  specimens  of  tung 
oil  imported  in  Europe  and  examined  by  the  author  was  to  form  a 
jelly  on  being  heated  to  250°  C.  for  a  short  time,  or  even  when  kept 
at  180°  C.  for  an  hour  or  two.  The  jelly-like  mass  so  obtained  possesses 
some  elasticity,  is  insoluble  in  the  ordinary  solvents  of  oil,  and  shows 
no  tendency  to  melt  on  being  again  heated  to  280°  C.  The  specimens 
imported  during  the  latter  years  require  higher  temperatures  for 
gelatinisation— viz.  280°  C.  and  even  310°  C,  if  only  about  ten 
minutes'  heating  be  allowed.^  The  gelatinisation  is  not  due  to 
oxygen  absorption,  as  has  been  assumed  by  some  observers,  since 
the  conversion  into  a  semi-solid  mass  takes  place  when  air  is  carefully 
excluded.    Further  study  of  the  properties  of  elseomargaric  acid, 

»  Anali/sl,  1912,  549. 

2  Oil  extracted  with  petroleum  ether  polymerises  less  rapidly  than  e.\pre.ssed  oil 
{Chapman).  Bo  Negri  and  Shurlati  had  also  observed  that  oil  extracted  with  carbon 
bisulphide  behaves  differently  from  expressed  oil. 
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wMch  distinctly  differs  from  linolic  acid,  may  lead  to  a  proper  ex- 
planation of  the  curious  behaviour  of  this  oil  on  heating.  The  change 
is  very  likely  due  to  polymerisation  of  the  glycerides  (cp.  Vol.  III. 
Chap.  XV.  B  ii.  (2)  "  Polymerised  Tung  Oil and  must  not  be 
confounded  with  the  change  which  the  oil  undergoes  in  insolation. 

H.  Wolff  ^  states  that  the  gelatinised  product  obtained  by  heating 
Chinese  wood  oil  is  not  a  homogeneous  product,  but  a  colloidal 
solution  of  polymerised  oil  in  unchanged  oil,  which  latter  can  be 
extracted  by  ether,  chloroform,  or  benzene.  The  insoluble  portion 
is  stated  to  be  capable  of  gelatinising  considerable  quantities  of  tung 
oil  or  linseed  oil  on  heating.  The  insoluble  portion  yields  after 
treatment  with  dilute  sodium  carbonate,  a  liquid  fatty  acid  of  the 
iodine  value  11-5-19-8,  and  neutralisation  value  352-398  ;  whereas  the 
fatty  acids  from  the  portion  not  attacked  by  cold  sodium  carbonate 
solution  had  the  iodine  value  82-106,  and  neutralisation  value  128-147. 

The  behaviour  of  Japanese  tung  (wood)  oil  on  heating  is  contrasted 
with  that  of  Chinese  tung  oil,  p.  84. 

Several  methods  have  been  patented  to  prevent  coagulation  of 
tung  oil  on  heating.  Thus  A.  Weinschenk  ^  suggests  heating  the  oil 
with  0-01  to  0-02  per  cent  of  zinc  dust  to  80-90°  C.  The  Societe 
Anonyme  "  Vernisol "  ^  protects  the  addition  of  naphthenic  acids. 
A.  Beringer  *  claims  the  addition  of  sulphur,  sulphides,  selenium, 
selenides,  or  mixtiu^es  thereof. 

If  a  saturated  solution  of  iodine  in  chloroform  or  any  other  solvent 
be  dropped  on  tung  oil,  the  oil  is  immediately  solidified ;  and  if  the 
oil  has  been  previously  dissolved  in  chloroform,  a  jelly  is  obtained 
(Jenkins).    Bromine  has  no  such  action  on  the  oil. 

P.  C.  Mcllhiney^  suggested  to  determine  the  proportion  of  tung 
oil  in  admixture  with  other  oils  by  treating  a  solution  of  the  oil  in  glacial 
acetic  acid  with  iodine,  and  removing  the  undissolved  portion  by 
washing  with  low  boiling  petroleum  ether.  This  method  has  not  yet 
been  worked  out  to  a  quantitative  one. 

Concentrated  sulphuric  acid  gives  a  black  clot  with  the  oil.  When 
1  grm.  of  the  oil  is  dissolved  in  5  c.c.  of  chloroform,  and  5  c.c.  of  a 
saturated  solution  of  iodine  in  chloroform  is  added,  and  the  mixture 
stirred,  the  whole  is  converted  into  a  stiff  jelly  after  about  two  minutes. 
If  2  grms.  of  the  oil  be  employed  under  the  same  conditions,  the  jelly 
is  so  stiff  that  it  can  be  granulated. 

Sulphm-ic  acid  of  specific  gravity  1-597  to  1-759  is  also  capable  of 
effecting  the  polymerisation  of  tung  oil.  The  most  suitable  sulphuric 
acid  for  this  pm-pose  is  stated  to  be  that  of  the  specific  gravity  1-688 
(cp.  also  "  Polymerised  Tung  OU,"  Vol.  III.  Chap.  XV.). 

In  Redwood's  viscosimeter,  50  c.c.  of  the  oil  required  1433  seconds 
as  compared  with  28  seconds  for  water.  A  further  number  of  viscosi- 
metric  observations  is  contained  in  the  table  due  to  Chapman  (see 
below,  p.  83). 

1  Farben-Zeit.,  1913,  1171.  '  German  patent  219,715. 

3  German  patent  253,845.  "  German  patent  261,403. 

5  Journ.  Ind.  Eng.  Chem.,  1912. 
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In  Valenta's  test  the  temperature  of  turbidity  is  44°-47°  C. 
In  the  sulphur  chloride  test  5  grms.  of  the  oil  treated  in  the  cold 
with  2  c.c.  of  sulphur  chloride  and  2  c.c.  of  carbon  bisulphide  give  in 
H  minutes  a  thick,  stiff  jelly. 

The  refractive  index  of  tung  oil  is  much  higher  than  that  of  any 
known  fatty  oil.  It  should  be  noted  that  it  cannot  be  examined  in  the 
butyro-refractometer,  since  its  high  refraction  would  place  the  critical 
line  beyond  the  100  degree  limit  of  this  instrument  (as  in  the  case  of 
rosin  oUs,  see  Vol.  I.  Chap.  V.). 

Tung  oU,  on  account  of  its  drying  properties,  suggests  itself  as  a 
substitute  for  linseed  oil ;  but  although  it  is  the  most  rapidly  drying  oil 
known  hitherto,  it  cannot  replace  linseed  oil  in  the  industry  of  paints, 
varnishes,  linoleum,  etc.  About  ten  years  ago,  when  tung  oil  was  shipped 
in  large  quantities  to  Europe,  and  was  therefore  somewhat  strongly 
pressed  on  the  market,  a  large  number  of  patents  were  taken  out 
purporting  to  put  tung  oil  to  the  same  uses  as  linseed  oil,  or  at  least  to 
employ  it  in  admixture  with  linseed  oil. 

During  the  last  few  years,  when  the  price  of  linseed  oil  was  abnormally 
high,  more  extensive  use  has  been  made  in  the  arts  of  Chinese  timg  oil 
as  a  substitute  for  linseed  oil.  In  the  United  States  endeavours  have 
even  been  made  to  replace  linseed  oil  completely  by  Chinese  tung  oil. 
In  consequence  of  these  endeavours  not  only  were  the  most  extravagant 
claims  made  for  the  properties  of  tung  oil,  but  the  oil  itself,  having 
attained  high  prices,  has  become  adulterated  to  a  considerable  extent. 

Earlier  statements  that  tung  oil  was  adulterated  with  cotton  seed 
oil  have  not  been  borne  out  by  examinations  carried  out  by  the  author. 
Recently,  however,  adulteration  with  stillingia  oil,  soya  bean  oil,  and 
sesame  oil  has  been  practised  to  a  considerable  extent.  The  specific 
gravity  and  refractive  index  tests  are  the  most  important  ones  to  be  used 
in  the  examination  of  suspected  samples.  Sesame  oil  is  readily  detected 
by  the  Baudouin  test.  Stillingia  oil  might  probably  be  detected  by 
the  optical  rotation  of  the  sample,  as  Chinese  tung  oH  is  practically 
optically  inactive  {Chapman).  Small  quantities  of  soya  bean  oil  are, 
however,  very  difficult  to  detect ;  as  they  cannot  be  revealed  with 
certainty  by  the  iodine  absorption  test.^  Hence  recourse  has  been 
taken  to  the  gelatinisation  test  as  a  supplementary  means  for  revealing 
the  addition  of  small  quantities  of  soya  bean  oil  and  stillingia  oil. 

Thus  the  New  York  Produce  Exchange  (on  the  recommendation 
of  the  Committee  on  Vegetable  Oils  and  Fats)  adopted  the  following 
rules  as  determining  the  basis  of  character  and  quality  for  Chinese  tung 
oil  :— 

Prime  Chiaese  oil  shall  be  pale  in  colour  (according  ^to  season's 
production),  merchantably  free  from  foots,  dirt,  and  moisture  ;  the 
total  impmities  not  to  exceed  1  per  cent;  impmities  not  plainly  adultera- 
tions, up  to  5  per  cent,  shall  not  justify  rejection  ;  but  allowance  to  be 

'  Curiously  enough,  whereas  the  Wijs  and  Hiibl  solutions  give  .almost  identical 
results,  the  Hanus  solution  gives  much  higher  values.  This  must  be  due  to  the  con- 
stitution of  the  tung  oil  fatty  acids,  inasmuch  as  linseed  oil  under  the  same  conditions 
does  not  give  such  widely  different  results  with  the  Hanus  solution  (cp.  Vol.  I. 
Chap.  VI.). 
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made  by  sellers  for  such  impurities  in  excess  of  1  per  cent.  Prime  oils 
shall  show  with  a  Tagliabue  viscosimeter  at  a  temperature  of  70°  F. 
from  7-25  upward.  The  oil  to  satisfy  the  requirements  of  either  the 
Bacon  test,  or  the  Worstall  test. 

Bacon's  Test. — In  four  test-tubes  of  |  inch  diameter  and  4  inches 
in  length  are  placed  :— (1)  10  c.c.  of  pm-e  tung  oil;  (2)  10  c.c.  of  the  same 
tung  oil  containing  5  per  cent  of  a  vegetable  oil ;  ^  (3)  10  c.c.  of  tung  oil 
containing  10  per  cent ;  ^  (4)  10  c.c.  of  the  sample  to  be  tested.  The  fom- 
tubes  are  immersed  in  an  oil  bath  having  a  temperatm-e  of  288°  C. 

The  tubes  are  maintained  at  a  temperatm-e  from  280°  to  285°  C. 
(maximum)  for  exactly  9  minutes  ;  the  tubes  are  then  withdrawn  and 
the  sample  compared  with  the  contents  of  the  first  three  test-tubes. 
Each  tube  is  stabbed  fi-om  top  to  bottom  with  a  small  bright  spatula. 
Pure  oil  gives  a  hard  clean  cut,  and  when  the  knife  is  withdrawn  the 
incision  looks  like  a  straight  line,  while  an  oil  having  as  little  as  5  per 
cent  of  an  adulterant  will  invariably  be  softer,  and  the  incision  will 
have  a  peculiar  feathered  effect ;  an  oil  containing  10  per  cent  of  an 
adulterant  will  be  soft,  while  the  presence  of  an  adulterant  exceeding 
12  per  cent  will  cause  the  oil  to  remain  entirely  liquid. 

Worstall' s  Test. — One  hundred  grms.  of  the  oil  are  heated  in  an  open 
metal  pan,  6  inches  in  diameter,  as  rapidly  as  possible,  to  a  temperature 
of  540°  F.  The  time  required  to  heat  the  oil  from  room  temperature 
to  540°  should  be,  as  nearly  as  possible,  the  same  each  time,  four  minutes 
being  sufficient  with  gas  burners.  The  oil  is  kept  at  or  as  near  to  540° 
as  possible,  stirring  until  it  starts  to  solidify.  The  time  required  after 
the  oil  reached  540°,  until  it  started  to  solidify,  should  not  exceed 
7i  minutes  for  pm-e  oil.  When  the  oil  has  solidified  in  the  pan,  it  is 
turned  out  while  still  hot,  and  cut  with  a  knife.  Pure  oil  gives  a  product 
that  is  pale,  firm,  and  cuts  under  the  knife  like  dry  bread,  not  sticking. 
If  the  oil  requires  more  than  7J  minutes  after  reaching  540°  until 
starting  to  solidify,  or  if  the  product  is  dark,  soft  or  sticky,  the  oil  should 
be  rejected. 

L.  S.  Potsdamer  ^  rejects  this  test  as  unsatisfactory,  and  proposes 
to  determine  the  temperature  of  polymerisation,  which  in  the  case  of 
pure  oils  is  about  289°  C,  but  said  to  be  considerably  lower  for  oils 
adulterated  with  soya  bean  oil  or  mineral  oil. 

Chapman,  who  also  rejects  these  tests  as  unsatisfactory,  suggests 
in  place  thereof  the  following  method  as  yielding  definite  and  con- 
cordant results  : — 

Two  test-tubes  6  inches  long  by  f  inch  diameter,  containing  about 
5  c.c.  of  the  oil  to  be  examined,  are  immersed  in  a  bath  of  melted  paraffin 
wax  at  a  temperature  of  about  100°  C.  ;  the  temperature  of  the  bath  is 
then  raised  to  250°  C.  within  about  fifteen  minutes.  The  time  is  then 
noted,  and  the  temperature  of  the  bath  maintained  constant  at  250°  C. 
After  half  an  hour  one  of  the  tubes  is  withdrawn,  allowed  to  cool,  and, 
when  cold,  is  broken,  and  the  jelly  examined.    The  other  tube  is  kept 

1  No  special  oil  is  mentioned  ;  soya  beau  oil  or  sesami'  oil  would  be  the  mo.st 
suitable  oils. 

Eighth  International  Congress  Appl.  Chemistry,  vol.  xxv.  791. 
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in  the  bath  at  250°  C.  for  a  further  period  of  half  an  hour,  when  it  also 
is  withdi-awn,  allowed  to  cool,  and  then  broken.  Chinese  tung  oil  of 
good  quality  should  give  after  half  an  hour  a  fairly  firm  jelly,  which 
after  another  half-hour's  heating  should  be  quite  hard.  Comparative 
tests  must  of  com'se  be  made  with  samples  known  to  be  pure.^ 

In  the  following  table  containing  the  results  of  the  examination  of 
seventeen  samples  of  timg  oil  fi-om  Hankow,  the  terms  "  very  hard," 
"  hard,"  and  "  fairly  hard  "  denote  the  consistence  of  the  polymerised 
oil.  When  cut  with  a  knife  or  broken  across,  the  cut  or  fractured 
sui'face  should  be  smooth  and  free  from  stickiness,  and  small  portions 
when  rubbed  in  the  hand  should  break  down  completely  into  a  soft 
crumbly  mass,  which  should  not  adhere  to  the  fingers. 


Sample. 

Specific 
Gravity, 
15715°  C. 

Saponlti  ca- 
tion 
Value. 

Iodine 
Value. 

Refractive 
Index  at 
20°  C. 

TlTTlP  (if 

Efflux  at 
15-5°  C. 
Seconds. 

Teat.  One 
Hour  at 
250°  C. 

1 

0-9419 

196-6 

169-9 

1-5207 

2178 

Very  hard 

2 

0-9406 

193-8 

168-4 

1-5181 

1636 

Hard 

3 

0-9426 

194-3 

166-5 

1-5190 

1946 

Fairly  hard 

4 

0-9417 

193-0 

166-4 

1-5170 

1880 

>j 

5 

0-9430 

195-6 

168-8 

1-5195 

2017 

Very  hard 

6 

0-9440 

194-5 

170-0 

1-5180 

1849 

Hard 

7 

0-9416 

193-0 

168-6 

1-5150 

Fairly  hard 

8 

0-9414 

192-0 

171-0 

1-5170 

Hard 

9 

0-9437 

194-1 

169-7 

1-5176 

1997 

10 

0-9420 

192-5 

173-0 

1-5165 

1722 

11 

0-9417 

192-0 

176-2 

1-5168 

1605 

12 

0-9429 

196-0 

172-6 

1-5180 

1740 

13 

0-9427 

194-6 

174-2 

1-5182 

1690 

14 

0-9430 

195-0 

173-7 

1-5194 

1820 

15 

0-9440 

194-6 

172-8 

1-5193 

2047 

16 

0-9420 

195-2 

169-5 

1-5160 

1804 

17 

0-9433 

195-2 

169-6 

1-5187 

1820 

Very  hard 

Hoepfner  and  Burmeister  ^  obtained  the  following  results  with 
Bacon's  test : — 


Sample. 

Iodine 
Value. 

Refractive 
Index  at 
20°  C. 

1 

171 

1-5195 

2 

170 

1-5178 

3 

168 

1-5193 

4 

163 

1-5197 

5 

164 

1-5202 

6 

158 

1-5149 

7 

159 

1-5188 

8 

158 

1-5155 

9 

162 

1-6155 

Bacon's  Test. 


Heated  to  °C.      Minutes.  Consistence 


280 
(280 
\310 
280 
280 
/280 
1310 
/280 
1310 
280 
280 
280 


9 
9 

12 
9 
9 
9 

12 
9 

12 
9 
9 
9 


Solid 

Sticky 

SoUd 

Sohd 

SoHd 

Sticky 

Solid" 

Liquid 

SoUd 

Solid 

Solid 

Solid 


'  Cp.  also  F.  Browne,  Chem.  Ncvis,  1912,  14.  J 
VOL.  H 


Ghem.  Zeit,  1913,  39. 
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Hoepfner  and  Biirmeister  conclude  tHat  the  Bacon  test  should  be 
modified  by  beating  the  samples  to  310°  C.  for  12  minutes.  Genuine 
oil  should,  after  cooling  to  the  ordinary  temperature,  be  so  hard  that  it 
can  be  broken  up  ia  a  mortar  to  a  coarse  powder. 

In  China  tung  oil  is  used  chiefly  as  a  natural  varnish  for  wood,  for 
caulking  junks  and  boats,  as  a  common  adidterant  of  lacquer,  and  also 
for  lighting.  Large  quantities  are  also  consumed  for  waterproofing 
paper  and  all  kinds  of  tissues.  The  oil  is  further  employed  in  admixture 
with  powdered  lime  as  a  mortar.  The  best  kinds  of  Chinese  ink  are 
obtained  by  burning  the  oil  with  a  regulated  amount  of  air.  The  cold- 
drawn  oil  is  stated  to  be  used  in  medicine  as  an  emetic  and  also  as  a 
purgative.    (According  to  Hertkorn  ^  tung  oU  is  poisonous.) 

Further  information  on  the  technical  applications  of  tung  oil  in  the 
paint  and  varnish  industries  wiU  be  given  in  Vol.  III.  Chap.  XV.  under 
"  Polymerised  Oils  "  and  "  Oxidised  Oils,"  and  "  Linoleum  Substitutes." 

Tung  oil  fatty  acids  became  a  commercial  article  at  the  time  when 
linseed  oil  fatty  acids  had  reached  abnormally  high  prices.  Like 
the  latter  they  have  been  recommended  as  a  substitute  for  shellac  in 
the  manufacture  of  spiiit  lacquers,  it  being  claimed  that  they  assist 
the  drying  of  the  lacquers,  and  that  on  account  of  their  property  of 
drying  to  a  dull  skin,  they  are  capable  of  giving  the  lacquer  the  special 
dull  surface  which  is  desired  in  some  special  cases. 

Intermixed  with  Aleurites  cordata  there  occurs  in  the  Chinese  pro- 
vince Fokien  Aleurites  Fordii,  Heussl.,  the  seeds  of  which  also  fm-nish 
commercial  tung  oil ;  and  it  appears  that  the  Chinese  tung  oil  is  in- 
discriminately prepared  fi'om  the  seeds  of  Aleurites  cordata  or  Aleurites 
Fordii,  or  mixtures  of  the  two. 

The  nuts  of  Aleurites  Fordii  are  known  under  the  name  "  kaloo 
nuts  "  ;  they  are  poisonous.  The  oil  extracted  from  the  seeds  of 
Aleurites  Fordii  differs  very  little  from  the  oil  from  Aleurites  cordata. 
The  examination  of  the  tung  oil  horn  Aleurites  Fordii  carried  out  in  the 
Imperial  Institute  ^  furnished  the  following  characteristics  : — 

Specific  gravity  at  15°  C  0-9404 

Saponification  value 


Iodine  value 
Insoluble  fatty  acids 
Titer  test 
Acid  value 


191-8 
166-7 
94-6  per  cent 
42-42-5°  C. 
2-89 


(&)  JAPANESE  TUNG  OIL  (JAPANESE  WOOD  OIL) 

French — Huile  de  hois  du  Japan.  Gevman— J apanisches  Tungdl, 
Japanisches  Olfirnishaumol  {Japanisches  Holzol).  Italian — Olio 
di  legno  del  Giappone. 

Japanese  tung  oil  is  obtained  from  the  fruits  of  ElcBOCOCca  vernicia,^ 
which  grows  in  the  southern  provinces  of  Japan  (Echizen  and  Wakasa), 

1  Cliem.  Zeit.,  1903,  635. 

••^  Bull.  Imp.  InsL,  1907, 134  ;  cp.  also  Chapman,  Analyst,  1912,  549. 
Karaetaka,  Jowrn.  Coll.  Science  Imp.  Univ.  Tokyo,  1908. 
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aud  especially  in  the  island  of  Yeso  (Hokkaido).  The  Japanese  name 
of  the  tree  is  Abura  Kin,  Jani  Kiri."  This  nanae  has  given  rise 
to  confusion  with  the  true  Japanese  "  kiri  "  tree  ("  Kirinoki  "),  viz. 
Paulownia  imperialis,  Sieb.  et  Zucc.  {Bignonia  tomentosa,  Thunb.), 
the  oil  fi-om  which,  though  apparently  similar  in  some  of  its  character- 
istics to  Japanese  tung  oil,  must  not  be  confounded  with  the  latter. ^ 

The  characteristics  of  Japanese  tung  oil  are  contrasted  in  the  tables, 
pp.  75,  76,  with  those  of  Chinese  tung  oil.  The  characters  of  a  few  com- 
mercial oils  examined  by  Chapman  are  set  out  in  the  following  table  : — 


Oil  from 

Specific 
Gravity, 
15715°  C. 

Saponifica- 
tion 
Value. 

Iodine 
Value. 

Refractive 
Index 
at  20°  C. 

Time  of 
Efflux 
at  15-5°  C. 
Seconds. 

Wakasa  . 

0-9377 

195-2 

158-0 

1-5083 

1230 

Idzumo 

0-9400 

193-4 

149-0 

1-5052 

1620 

(?).... 

0-9349 

196-3 

151-8 

1-5034 

The  iodine  values  given  in  this  table  and  the  table  on  p.  75  show  that 
Japanese  tung  oil  has  a  lower  iodine  value  than  Chinese.  It  should, 
however,  be  pointed  out  that  a  specimen  of  fresh  tung  oil  (from  Echizen) 
pressed  in  the  cold  had  the  iodine  value  161-3  {Kametaka).  After 
keeping  the  oil  in  an  ordinary  stoppered  bottle  for  eleven  months  the 
iodine  value  had  fallen  to  150°. 

The  cake  obtained  in  the  preparation  of  tung  oil  used  to  be  credited 
with  poisonous  properties,  and  was  therefore  appHed  to  the  land  as  a 
fertiUser,  but  since  the  Japanese  employ  higher  temperatures  than  they 
did  formerly  in  expressing  the  oil,  the  cake  has  been  found  to  be  non- 
poisonous.  Probably  the  seeds  contain  a  cyanogenetic  glucoside  and 
an  enzyme  which  is  rendered  innocuous  by  the  elevated  temperature. ^ 

A  fresh  oil  examined  by  Kametaka  had  the  acid  value  3-81. 
Kametaka  concludes  that  the  seeds  of  Elceococca  vernicia  contain  a  fat- 
hydrolysing  enzyme. 

Up  to  a  few  years  ago  Japanese  tung  oil  was  not  exported.  With 
the  demand  that  arose  for  a  substitute  of  linseed  oil  in  consequence  of 
the  high  price  of  the  latter,  some  Japanese  tung  oil  was  shipped  to  this 
country,  as  also  to  Germany.  The  quantities  imported  by  the  latter 
country  amounted  to  12  tons  in  1911,  and  to  15  tons  in  1912.  Japanese 
tung  oil  is  not  as  valuable  in  the  arts  as  is  Chinese  tung  oil.     It  chiefly 

'  Tlie  oil  from  the  seeds  of  Paulownia  imixrialis  is  known  in  Japan  as  "  Abura  toi " 
[i.e.  Toi  oil).  A  specimen  said  to  be  Paulownia  inqjerialis  examined  l)y  Chapman  gave 
the  following  characteristics  : — 

Specific  gravity,  15°/15°  C. 
loiline  value  . 
Saponification  value 
Refractive  index  at  20°  C. 
Bromine  thermal  value,  °  C. 

Cp.  Divers,  Joum.  Sac.  Chem.  Intl.,  1908,  4.33. 


153-5 
193-5 
1-5053 
24-5 
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difiers  from  the  latter  by  its  lower  specific  gravity  and  its  lower  iodine 
value.  The  smell  of  Japanese  oil  is  not  so  strongly  pronounced  as  that 
of  Chinese  wood  oil  {Lewkowitsch) .  This  may,  however,  be  due  to  the 
more  careful  treatment  of  the  seed. 

In  the  polymerisation  test  Japanese  tung  oil  does  not  gelatinise, 
hence  it  is  not  accepted  in  the  trade  as  replacing  Chinese  tung  oil, 
which  is  in  consequence  now  sold  as  "  Hankow  "  and  "  Wuchow  " 
tung  oil  to  avoid  confusion  with  Japanese  wood  oil. 

The  author  ^  made  the  following  comparative  polymerisation  tests 
with  authenticated  samples  of  Chinese  and  Japanese  tung  oil : — 


Japanese  Tung 
Oil. 

Chinese  Tung  Oil. 

No.  1. 

No.  2. 

Original  oil  

Heated  rapidly  in  wide-mouthed 
flask  to  213°  C.  (420°  F.)     .  . 

„     to  232°  C.  (450°  F. )  . 

„     to  250°  C.  (482°  F. )  . 

„     to  300°  C.  (572°  F.)  . 

,.     to  310°  C.  (590°  F.)  . 
,;     to  320°  C.  (608°  F.)  . 
„     to  330°  C.  (626°  F.)  . 

„     to  340°  C.  (644°  F.)  . 
Heated  to  150°  C,  and  kept  there  for 

0-93386 

0-9349 
0-9355 
0-9477 

0-9553 
0-9650 
0-9694 

0-9760 

0-9412 

0-9428 
0-9445 
0-9448 
0-9592 

0-9638 
0-9700 
solidified  to 
a  joUy 

0-9419 

0-9432 
0-9411 
0-9504 
solidified  to 
a  hard  jeUy 

solidified  to 
a  soft  jelly 
0-9477 

0-9365 
0-9363 

0-9463 

It  will  be  gathered  that  the  Japanese  oil  became  polymerised,  as  is 
indicated  by  the  higher  specific  gravity,  but  did  not  solidify  to  as  hard 
a  jelly  as  did  the  Chinese  oils. 

The  specimens  examined  by  Chapman  behaved  differently  from 
Chinese  wood  oil,  in  that  they  did  not  gelatinise  but  only  became 
"  soft  "  and  "  very  soft." 

As  stated  already,  most  of  the  Japanese  tung  oU  is  consumed  at  home, 
and  is  used  for  similar  purposes  as  China  tung  oil,  for  caullang  junks 
and  boats.  But  even  in  Japan  itself  the  tung  oil  has  not  been  able 
to  oust  linseed  oil  from  the  market  except  for  some  common  purposes, 
such  as  paper  umbrellas. 

'  Unpublished  experiments. 
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LALLEMANTIA  OIL  ^ 

'French.— Huile  de  Lallemantia.    Gevman—Lallemantia  Ol. 
Italian — Olio  di  lallemanzia. 


Physical  and  Chemical  Characteristics  of  Lallemantia  Oil 


Specific  Gravity 
at  20'  C. 

Solidifying 
Point. 

Saponification 
Value. 

Iodine  Value. 

Reichert 
Value. 

0-9336 

-35°  C. 

185 

162-1 

1-55 

Phijsical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


* 

Insoluble  Acids 
+Unsaponitiable. 

Solidifying  Point. 

Melting  Point. 

Iodine  Value. 

Per  cent. 
93-3 

11°  C. 

22-2°  C. 

166 

Lallemantia  oil  is  obtained  from  the  seeds  of  Lallemantia  iberica, 
Fisch.  et  Mey.,  a  plant  belonging  to  tbe  Labiatce,  gi'owing  wild  m  tlie 
Caucasus,  and  cultivated  in  Russia  (near  Kiefi).  L.  Royleana  ^  grows 
wild  in  the  steppes  of  Turkestan. 

The  oil  belongs  to  the  best  drying  oils,  as  is  indicated  by  its  lodme 
value.  A  sample  of  the  oil  spread  on  a  watch-glass  dried  after  9  days 
'to  a  thick,  resin-like  skin.  If  the  oil  is  heated  to  150°  C.  for  3  hours, 
complete  drying  takes  place  after  24  hours.  The  absorption  of  oxygen, 
determined  by  Livache's  method  (using  copper  powder),  was  15-8_  per 
cent  after  24  hours  for  the  oil,  and  14  per  cent  after  8  days  for  the  mixed 
fatty  acids.  10  grms.  of  oil  at  18°  C.  mixed  with  2  grms.  of  concentrated 
sulphuric  acid  gave  a  Maumene  test  of  120°  C. 

In  the  elaidin  test  10  grms.  of  the  oil,  shaken  with  5  grms.  of  nitric 
acid,  specific  gravity  1-4,  and  1  grm.  of  mercury,  give  after  three  minutes 
a  dark-red,  dough-like  mass. 

Lallemantia  oil  is  used  in  Persia,  Syria,  and  Kurdistan  as  an  edible 
oil  and  also  as  a  burning  oil.  It  may  find  technical  application  as  a 
substitute  for  linseed  oil  in  the  preparation  of  varnishes. 


'  Richter,  Zeilschr.f.  chem.  fnd.,  1887,  230. 


"  Chem.  ZeiL,  1905,  556. 
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CANDLE  NUT  OIL 

French — Huile  de  hancoulier,^  Huile  de  noix  de  Bancoul,  Huile  de 
noix  de  chandelle.  German — Candlenussdl  {Kandelnussdl),  Banhul- 
nussol.    Italian — Olio  di  nod  di  Bankoid. 

For  tables  of  characteristics  see  p.  87. 

Candle  nut  oil  is  obtained  from  the  seeds  of  Aleurites  moluccana, 
Wnid.,  a  tree  widely  distributed  over  the  tropics  ;  thus  it  is  found  in 
most  of  the  islands  of  the  Pacific,  in  the  West  Indies,  Florida,  and 
Brazil.  Probably  about  15,000  acres  in  Hawaii  are  covered  with 
the  trees.  The  fruits  resemble  ordinary  walnuts  ("  Kukui  nuts  ")  in 
their  appearance  ;  their  shell  is,  however,  far  thicker.  The  shell  is  re- 
moved by  the  natives  in  a  primitive  fashion  by  drying  the  nuts  on  hot 
stones,  so  that  the  shell  can  be  readily  broken  by  a  slight  blow  with 
a  hammer.  According  to  some  writers  the  ripe  seeds  are  said  to  be 
injurious,  whereas  in  the  unripe  state  they  are  said  to  form  a  wholesome 
food-stufi  of  the  natives.  Seeds  (obtained  through  a  reliable  source 
from  the  South  Sea  Islands)  examined  in  my  laboratory  ^  contained 
62-25  per  cent  of  oil. 

Practically  identical  numbers  with  those  contained  in  the  table  of 
characteristics  were  obtained  by  Kassler  ^  from  Fiji  candle  nuts,  the 
seeds  of  which  contained  58-6  per  cent  of  oil.  The  oil  cakes  obtained  on 
a  large  scale  by  expressing  the  oil  fi'om  the  crushed  nuts  had  the  following 
composition  (Leivkowitsch)  : — 

Per  CHiit. 


OU        •  8-80 

Moisture  10-00 

Ash  8-28 

Albuminoids      .         .         .         .  .46-16 

CeUulose  1-47 

Carbohydrates  (by  diEEerence)  .         .  25-29 


The  ash  contained  23-52  per  cent  potassium  oxide,  and  53-04  per 
cent  phosphorus  pentoxide. 

The  cold-drawn  oil  is  Hmpid,  colourless,  or  yellowish,  has  a  pleasant 
odour  and  bland  taste,  but  cannot  be  used  for  edible  purposes  on 
account  of  its  purging  properties. 

Although  the  seeds  were  examined  several  months  after  arrival, 
the  extracted  oil  contained  only  4  per  cent  free  fatty  acids.  Its  acetyl 
value  was  9-86,  and  the  proportion  of  oxidised  acids  0-21  per  cent. 

'  Mieoeocca  vernicia  (see  pp.  72,  8-2)  is  also  termed  "fiui.v  haiicoulier." 

2  Che7}i.  Revue,  1901,  156. 

"  Augsburgcr  Seifcnsieder  Zeikmg,  1902,  689. 
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The  high  iodine  value  places  the  oil  prominently  amongst  the  drying 
oils.  However,  the  older  statements  that  this  oil  sm-passes  linseed  oil 
in  drying  properties  must  be  considered  as  erroneous  ;  not  only  is  its 
iodine  value  lower  than  that  of  linseed  oil,  but  the  proportion  of  ether- 
insoluble  bromides  is  much  smaller.  Thus  Walker  and  Warburton'^ 
ascertained  in  the  author's  laboratory  that  the  oil  yields  from  7-28  to 
8-21  per  cent  of  ether-insoluble  brominated  glycerides,  whilst  the  fatty 
acids  yielded  from  11-23  to  12-63  per  cent  ether-insoluble  brominated 
acids. 

Candle  nut  oil  is  obtainable  in  enormous  quantities.  It  is  used  in 
its  home  as  a  bui-ning  oil.  It  should  prove  suitable  for  soap-making, 
especially  for  the  manufacture  of  soft  soaps.  It  may  also  find  applica- 
tion in  the  manufacture  of  paint  oils  and  varnishes  as  a  substitute  for 
linseed  oil.  When  the  price  of  linseed  oil  is  high,  adulteration  with 
candle  nut  oil  may  occur.  Its  presence  would  be  revealed  by  a  some- 
what low  iodine  value  of  the  sample,  and  a  low  yield  of  ether-insoluble 
bromides.  Smaller  quantities  than  20  per  cent  could  not,  however, 
be  detected  by  chemical  means.  In  doubtful  cases  practical  drying 
tests  must  be  resorted  to. 

This  oil  is  also  expressed  in  Madagascar,  where  the  oil  is  known 
under  the  name  "  Bakoly  oil."  This  name  is  doubtless  a  corruption  of 
bancoulier  {Aleurites  moluccana) . 

The  kernels  of  the  seeds  of  Aleurites  moluccana  from  the  Cameroons 
contain  6-3  per  cent  of  water  and  64-4  per  cent  of  oil  {Fendler  The 
oil  obtained  by  extraction  with  ether  has  a  yellow  colom-  and  an  acrid 
smell.  Its  specific  gravity  at  15°  C.  is  0-9254;  solidifying  point,  - 15°  C. ; 
saponification  value,  194-8  ;  iodine  value,  114-2  ;  and  Reichert-Meissl 
value,  1-2.  The  solidifying  point  of  the  fatty  acids  is  15-5°  C,  and 
their  melting  point  18°  C. 

On  comparing  these  numbers  with  those  given  for  candle  nut  oil 
(p.  87),  it  will  be  observed  that  the  iodine  value  is  considerably  lower. 
This  is  all  the  more  surprising  as  Fendler  states  that  the  oil  dries  quickly 
when  spread  in  a  thin  layer. 

Oil  obtained  from  the  nuts  ("  Kirimi  nuts  ")  of  Aleurites  triloba, 
Foist.,  is  known  in  India  under  the  name  of  "  Kekuna  oil "  ^  (candle 
nut  oil). 

Aleurites  triloba  forms  one  of  the  best  shade  trees  in  Hong-Kong, 
where  it  grows  very  quickly.    The  roasted  nut  forms  an  agreeable  fruit. 

Seeds  obtained  in  1907  yielded  on  examination  in  the  Imperial 
Institute  *  60  to  80  per  cent  of  oil,  equivalent  to  a  yield  of  19-8  per  cent 
from  the  unshelled  seeds.  Specimens  of  nuts  examined  in  the  Imperial 
Institute  in  1912  consisted  of  64  per  cent  of  shells  and  36  per  cent  of 
kernels.  The  latter  contained  68-1  per  cent  of  oil.  The  following 
characteristics  were  ascertained  : — 

'  Analyst,  1902,  237. 

-  Zeits.  f.  [Inters,  d.  Nahrgs-  u.  Gcnussm.,  1903,  1025. 
3  Journ.  Soc.  Chem.  Jnd.,  1901,  642. 
*  BiM.  Imp.  Inst.,  1907,  136  ;  1912,  44. 
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1907  SpecimsD. 

1912  Specimen. 

Spocific  gravity  at  15°  C.  (water  at  15°=  1)  . 
Saponification  value  .... 
Iodine  value  ..... 
Reichert-Meissl  value  .... 
Insoluble  fatty  acids +unsaponifiable  . 
Titer  test  ...... 

0-  9274 
204-2 
139-7 

1-  98 

96-4  per  cent 
17-8°  C. 

0-927 
193-7 
151-0 

Tlie  oil  is  used  for  soap-making  and  cloth-making. 


STILLINGIA  OIL  ^  (TALLOW  SEED  OIL) 

French — Huile  de  Stillingia.  German — Stillingiadl. 
Italian — Olio  di  Stillingia. 

For  tables  of  characteristics  see  p.  90. 

Stillingia  oil  is  obtained  from  the  seeds  of  Stillingia  sebifera,  Willd. 
{Croton  sebiferum,  L.),  Sapium  sehiferum,  Eoxb.  In  the  great  Chinese 
centres  where  vegetable  tallow  and  stilUngia  oil  are  manufactured,  the 
tree  is  grafted  and  yields  fruit  superior  to  that  of  the  wild  tree.  The 
latter  occurs  largely  in  Formosa,  but  its  cultivation  has  been  entirely 
neglected  hitherto.  The  mesocarp  surrounding  the  seeds  yields,  on 
being  steamed,  the  "  Vegetable  "  Tallow  of  China  (cp.  below).  The  oil 
is  obtained  by  expressing  the  seeds  after  freeing  them  from  the  vegetable 
tallow,  and  is  termed  by  the  natives  tse-ieou  or  ting-yu.  The  seeds  are 
said  to  yield  19-2  per  cent  of  limpid  oil,  of  pale  yellow  colour.  A 
specimen  of  seeds  examined  in  the  author's  laboratory  yielded  23-29 
per  cent  of  oil  on  extraction  with  ether.  Of  the  seeds  freed  from  the 
mesocarp  489  go  to  make  up  a  weight  of  50  grams.  The  oU  has  a  peculiar 
smell  and  taste  resembliag  that  of  linseed  oil  and  mustard. 

The  fatty  acids  separate  on  standing  into  a  liquid  and  a  solid  portion. 
A  specimen  of  mixed  fatty  acids  examined  in  my  laboratory  yielded 
25-78  of  ether-insoluble  bromides  of  the  melting  point  171-1°  C.  {Leiv- 
kowitsch 

The  .specimen  prepared  by  Tortelli  and  Ruggeri  contained  6-15  per 
cent  of  free  fatty  acids  (calculated  to  oleic  acid)  and  1-45  per  cent 
unsaponifiable  matter.  A  specimen  examined  by  Nash  ^  contained 
3-1  per  cent  free  fatty  acids  and  0-44  per  cent  of  unsaponifiable  matter. 
1000  grms.  absolute  alcohol  dissolve  at  the  ordinary  temperature  42-8 
grms.  of  the  neutral  oil,  or  48-9  grms.  of  the  oil  containing  6-15  per  cent 
of  free  fatty  acids. 

The  most  characteristic  property  of  the  oil  is  its  optical  rotation, 
viz.  -  6°  45'  in  a  200  mm.  tube  in  a  Laurent  polarimeter,  corresponding 
to  -  29-9  saccharimeter  degrees. 

Stillingia  oil  has  very  good  drying  powers,  absorbing  8-72  per  cent 
and  12-45  per  cent  of  oxygen  after  two  and  eight  days  respectively  in 
lAvache's  test.  It  is  used  in  China  as  a  high-class  lighting  oil  and  also 
for  adulterating  Chinese  tung  oil  ;  hitherto  it  has  not  been  exported. 

'  "  OlKuni  atillingise  "  is  vegetable  tallow  (of  China).  *  Analyst,  1904,  112. 

Analyst,  1904,  111. 
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WHITE  ACACIA  OIL  ^ 

French— Huile  d'acacia  hlanc.    Qexm&n— Weiss- Akazienbl. 
Italian — Olio  di  acacia  hianca. 

The  seeds  of  the  white  acacia,  Rohinia  pseudoacacia,  L.,  cultivated 
in  South  Eussia,  yield  on  extraction  with  petroleum  ether  13-3  per 
cent  of  oil. 


Physical  and  Chemical  Characteristics  of  fPliite  Acacia  Oil 


Saponification  Value. 

Iodine  Value. 

Reicliert-Meissl  Value. 

192-4 

161-0 

1-2 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+  Unsapunitiable. 

Nentralisation 
Number. 

Mean  Molecular 
Weight. 

Iodine  Value. 

94-32 

200-1 

2S0-4 

160-7 

The  specimen  examined  by  Jones  contained  0-20  per  cent  of  un- 
saponifiable  matter.  The  oil  possesses  strong  drying  power,  as  is 
indicated  by  its  high  iodine  value.  From  the  total  mixed  fatty  acids, 
3-7  per  cent  of  solid  fatty  acids  were  obtained,  amongst  which  stearic 
and  erucic  acids  were  identified.  The  liquid  fatty  acids  consist  of  oleic, 
linolic,  and  linolenic  acids,  linolic  acid  predominating.  The  oil  is  easily 
oxidised  on  exposure  to  the  air. 


GARDEN  ROCKET  OIL  ^ — DAMe's  VIOLET  OIL 

French — Huile  de  Julienne.  German — Rothrepsol. 
Italian — Olio  di  Hesperide. 

For  tables  of  characteristics  see  p.  92. 

The  seeds  of  the  garden  rocket,  Hesperis  matronalis,  L.,  contain 
approximately  30  per  cent  of  oil.  The  freshly  expressed  oil  is  of 
green  colour,  but  becomes  brownish  on  keeping.  It  is  odourless  and 
po.ssesses  a  somewhat  bitter  taste. 

Garden  rocket  oil  is  expressed  commercially  in  France  and  Switzer- 
land, and  is  used  as  a  burning  oil. 

'  Valentin  Jones,  Milt.  k.  k.  lech.  Gewerbc- Museum,  1903,  223. 
'•^  De  Negri  nnd  Fabvis  Annali  del  Labm-at.  Ohim.  delle  Gabelle,  1891-92,  151. 
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HEMP  SEED  OIL 

French. — Huile  cle  chenevis.  German — Hanfol. 
Italian — Olio  di  canapa. 

For  tables  of  characteristics  see  p.  94. 

The  seeds  of  the  hemp  plant,  Cannabis  sativa,  L.,  yield  about  30 
per  cent  of  hemp  seed  oil.  The  hemp  plant  is  cultivated  in  France, 
Belgium,  Germany,  Northern  Italy,  Turkey,  Algeria,  North  America, 
India,  and  Japan.  The  quantities  of  hemp  seed  produced  in  France 
are  given  in  the  following  table  : — 


Cultivation  and  Production  of  Hemp  Seed  in  France 


Year. 

Hectares  under 
Cultivation. 

Kilograms. 

1900 

26,790 

8,598,800 

1901 

25,760 

7,976,800 

1902 

24,347 

4,918,500 

1903 

22,670 

9,146,000 

1904 

20,774 

9,563,700 

1905 

19,141 

8,847,900 

1906 

18,947 

5,442,400 

1909 

14,602 

6,961,300 

1910 

13,802 

6,748,750 

1911 

15,486 

8,824,450 

Hemp  seed  oil  is  also  produced  in  Manchuria  ;  but  owing  to  the 
fact  that  the  seed  is  grown — and  harvested — together  with  other  (wild) 
seed,  which  yields  about  16  per  cent  of  a  non-drying  oil,  the  Manchurian 
oil  is  of  very  low  quality  as  regards  drying  powers. 

The  following  table  gives  some  statistical  data  as  to  the  German 
import  and  export  of  hemp  seed  : — 


Imports  into  and  Exports  from  Germany  of  Hemp  Seed 
(In  metric  tons) 


Imports. 

Exports. 

From 

mil. 

1012. 

Into 

mil. 

1012. 

Austria- Hungary  . 

Tons. 
1544 

Tons. 
1147 

France  . 

Tons. 
1276 

Tons. 
1863 

Russia 

3581 

3810 

Holland 

124 

449 

China 

284 

1871 
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The  colour  of  the  freshly  expressed  oil  is  light  green  to  greenish- 
yellow,  becoming  brownish-yellow  on  keeping.  Hemp  seed  oil  contains 
a  few  per  cent  of  solid  glycerides,  most  likely  palmitin,  with  a  small 
amount  of  stearin  or  arachin.  The  liquid  fatty  acids  in  hemp  seed  oil 
consist,  according  to  Bauer,  Hazura,  ami  Grussner,  of  linolic  acid  and 
smaller  quantities  of  oleic,  linolenic  (and  isolinolenic  ? )  acids. 

Pure  hemp  seed  oil  is  easily  identified  by  its  high  iodine  absorption. 

Hemp  seed  oil  is  used  as  a  paint  oil,  though  less  frequently  in  this 
country  than  on  the  Continent.  The  lower  equalities  of  hemp  seed  oil 
are  stated  to  be  used  in  the  manufacture  of  varnishes  ^  (in  Eussia). 
Considerable  quantities  used  to  be  employed  (on  the  Continent)  for 
making  soft  soaps,  which  were  characterised  by  a  dark  green  colour. 

The  oil  does  not  fiu-nish  a  sufficiently  hard  soap  with  caustic  soda 
to  be  used  in  the  manufacture  of  hard  soaps. 


BUCK-THOEN  OIL  ^ 

'Fxench—Huile  de  nerprun.    Qei-man—Kreuzdorndl,  Purgierwegdorndl. 
Italian— OZ^o  di  S2nna  cervina,  Olio  di  ramno  cattartico. 


Physical  and  Chemical  Characteristics  of  Buck-thorn  Oil 


Specific  Gravity. 

Keichert-Jleissl 
Value. 

Iodine  Value. 

At  •  C. 

O.C.  1^  norm. 
KOH. 

Per  cent. 

15 

(water  of  4°  =  1) 

0-9195  (?) 

0-89 

155 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+  Uuaaponiliable. 

Mean  Molecular, 
Weight. 

Iodine  Value. 

Acetyl  Value. 

Per  cent. 

Per  cent. 

95-77 

288-9 

160-6 

25-8 

This  oil  was  prepared  by  extracting  with  ether  the  seeds  obtained 
from  the  berries  of  the  purging  buck-thorn,  Ehamnus  catharlica,  L. 

1  Lidoff,  Chem.  Revue,  1900,  120. 
*  N.  Krassowski,  Journ.  Russ,  Phys.-Chem,  Oes.,  1905,  xx.wiii.  144. 
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The  oil  thus  obtained  had  an  acid  value  of  5-64  and  contained  0-59 
per  cent  of  unsaponifiable  matter,  of  which  0-48  per  cent  consisted  of 
"  phytosterol  "  and  0-11  per  cent  of  a  hydrocarbon,  melting  at  81-82° 
C.  and  belonging  to  the  ethane  series.  A  detailed  examination  of  the 
fatty  acids  gave  the  following  result : — 

Per  cent. 

Volatile  fatty  acids    .  -         ■         •         •  0-24 


Stearic  acid 
Palmitic  acid 
Oleic  acid 
Linolic  acid 
Linolenic  acid  (and  isolinolenic  ? 


acid) 


6.00 
M2 
30- 10 
35-2 
22-4 


The  low  specific  gi-avity  of  the  oil  hardly  corresponds  with  this  com- 
position. 


BURDOCK  OIL — BUR  OIL 

French— ^^^t^7e  de  bardane.  Gevman—Klettensamendl. 
Italian — Olio  di  bardana. 

This  oil  1  is  obtained  fi'om  the  seeds  of  Lappa  minor,  D.C.  {Arctium 
Lappa   L  )     The  seeds  are  of  the  size  of  linseed,  but  have  a  more 
spherical  form.    One  litre  of  seeds  obtained  fi'om  the  Charkoff  district 
weighed  641  grams.    They  consisted  of  46-4  per  cent  of  husks  and 
53-6  per  cent  of  "  meats."    The  total  seeds  contained  14-8  per  cent  of  oil 

The  pressed  oil  is  pale  yellow.  It  has  an  odour  resemblmg  that  ot 
linseed  oU,  and  a  somewhat  bitter  taste.  The  specific  gravity  of  the  oil 
at  17°  C  is  0-9255  ;  its  saponification  value,  196-6  ;  its  lodme  value, 
153.6-  and  its  Reichert-Meissl  value,  0-95.  The  iodine  value  of  the 
insoluble  fatty  acids  is  162.  The  acid  value  of  the  specimen  exammed 
by  Lidoff  2  was  2-0. 

GYNOCARDIA  OIL  ^ 

French— de  gynocardia.  Gevm^n—Gynocardiaol. 
Italian— OKo  di  gynocardia. 

For  table  of  characteristics  see  p.  97. 

The  oil  IS  obtained  fi-om  the  seeds  of  Gy^''":'^\\'!^''f'l'^^^^ 
to  the  year  1900  chaulmoogra  oil  was  generally  believed  to  be  denved 
faom  the  seeds  of  Gyr^ocardia  odorata.    Hence  m  the  earlier  h  ratu^e 
™cardia  oil  was  described  as  identical  with  chaulmoogra  oil,  until 
iCr  by  a  close  investigation  of  the  oils  derived  fx'om  the  seeds  of  the 

>  The  production  of  this  oil.  as  also  of  p„pp,,  uettl.        mallow  seeds,  by  "  e..- 

^^^•^PowerandBarrowcliff,  Joum.  Chem.  Soc,  1905,  896. 
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chaulmoogra  family,  and  of  the  oil  procured  from  genuine  seeds  of 
Gijnocardia  odomta,  firmly  established  the  characteristics  of  each  indi- 
vidual oil.  In  contradistinction  to  the  oils  belonging  to  the  chaulmoogra 
family,  Gynocardia  oil  is  optically  inactive. 

Gijnocardia  odomta  is  a  native  of  Sikkim,  Assam,  and  Chittagong  in 
Bengal.  In  Assam  the  oil  is  sometimes  expressed  by  the  natives.  The 
shells  form  37  per  cent  of  the  total  weight  of  the  seeds.  The  kernels 
furnish  by  expression  19-5  per  cent  fatty  oil  calculated  on  the  entire 
seed.  By  extracting  the  powdered  seed  with  ether  the  yield  of  oil 
rose  to  27-2  per  cent. 

Gynocardia  oil  is,  at  the  ordinary  temperature,  a  light  yellow  liquid, 
resembling  Unseed  oU  in  its  odour. 

The  acid  value  of  the  expressed  oU  was  4-9,  and  of  the  extracted  oil 
5-0.  The  unsaponifiable  matter  was  identified  as  "  phytosterol." 
The  mixed  fatty  acids  contained  very  small  proportions  of  volatile 
acids,  amongst  which  formic  and  acetic  acids  were  recognised.  The 
insoluble  acids  were  found  to  include  palmitic  acid,  oleic  acid,  linolenic 
acid  (and  isolinolenic  acid?).  The  liquid  acids  yielded  the  oxida- 
tion products  :  dihydroxystearic  acid,  tetrahydroxystearic  acid,  and 
isoHnusic  acid. 

Gynocardia  oil  is  a  good  drying  oU. 


Physical  and  Chemical  Characteristics  of  Gynocardia  Oil 


Specific  Gravity. 

Saponification  Value. 
Mgiins.  KOH. 

Iodine  Value. 
Per  cent. 

Expressed  oil 

At°  C. 

25° 

0-925 

197-0 

152-8 

Extracted  oil 

25° 

0-927 

199-6 

152-0 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Neutralisation  Value. 
Mgiins.  KOH. 

Iodine  Value. 
Per  cent. 

199-8 

162-6 

MANKETTI  OIL,  MUNKUETTI  OIL,  NSA-SANA  OIL 

An  oU  very  nearly  related  to  Manketti  oil  was  first  obtained  from 
the  kernels  of  "  Nsa-sana  "  seeds  from  West  Africa.  The  seeds  were 
stated  to  have  been  derived  from  a  species  of  Aleurites,  viz.  Ricinodendron 
africanum  {Imperial  Institute      or  Ricinodendron  Ileudelolii.  They 


1  Bull,  Imp.  Inst.,  1907,  369  ;  1909,  368. 
VOL.  II  H 
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represent  small  round  nuts,  containing  inside,  surrounded  by  a  very  liard 
and  thick  shell,  a  white  soft  kernel.  The  seeds  consist  of  71  parts  of 
shells  and  29  parts  of  kernels.  The  total  yield  of  oU  from  the  seeds 
was  14  per  cent,  the  yield  of  oU  obtainable  from  the  kernels  being 
47  per  cent.  A.  Hebert  ^  examined  specimens  of  Ricinodendron 
africanum  seeds  which  yielded  only  8-7  per  cent  of  oil  calculated  on 
the  fruits,  although  they  contained  35  per  cent  of  kernels.  As  the 
specimen  of  oil  examined  by  Hebert  is  stated  to  have  had  an  iodine 
value  of  87-6,  doubt  must  be  thrown  (in  view  of  determinations  by  other 
observers)  on  the  genuineness  of  the  specimen.  Hence  Hebert's  numbers 
are  not  reproduced  here.  The  following  characteristics  were  given  for 
specimens  examined  by  the  Imperial  Institute  in  1907  and  1909  : — 


1907. 

1909. 

Insoluble  fatty  acids +unsaponifiabIe,  per  cent  . 
Titer  test  of  fatty  acids,  °  C  

0-9320 
191-6 
147-7 

96-20 

35-7 

0-9347 
184-7 
148-2 

94-1 

34-5 

The  oil  dries  on  exposure  to  the  air  at  the  ordinary  temperature 
in  one  day  and  leaves  a  wax-like  residue.  The  expressed  cake  is  unsuit- 
able for  cattle  food,  probably  owing  to  the  presence  of  an  alkaloid. 

Early  in  1911  fruits  of  Ricinodendron  Rauthanenii,  Schinz,  originating 
from  the  Manketti  tree,  a  native  of  German  South- West  Africa,  were 
brought  to  Europe,  and  the  most  extravagant  statements  as  to  the 
extent  of  the  area  occupied  by  the  tree,  and  the  value  of  the  oil,  were 
made  (and  are  still  being  made)  in  the  daily  press.  As  the  yield  of  the 
oil  from  the  whole  nuts  (seeds)  does  not  amount  to  more  than  5-5  per 
cent,  it  would  appear  to  be  hopeless  to  consider,  from  a  commercial 
point  of  view,  the  working  up  of  the  seed,  especiaUy  since  the  price  of 
Unseed  oH,  which  induced  these  (not  entirely  uninterested)  statements, 
has  fallen  considerably. 

Specimens  of  the  seeds  examined  by  the  author  gave  35  per  cent  ot 
shells  and  65  per  cent  of  kernels  ;  the  oil  calculated  to  the  whole  nut 
did  not  exceed  5-5  per  cent.  .       r  „  • 

Fruit  examined  by  Grimnie  ^  showed  that  it  consists  of  the  toUowmg 

components  : — 

Exocarp  and  mesocarp 
Endocarp 

Shell  surrounding  the  seed  . 
Oleaginous  kernel       .         •         •  • 

The  seeds  consisted  of  37-1  per  cent  of  sheU  and  62-9  per  cent  of 
kernel ;  the  latter  yielded  by  extraction  with  ether  51-5  per  cent  ot  oil, 
hence  the  yield  of  oil  from  the  total  seed  is  32-3  per  cent,  and  calculated 
to  the  total  fruit  5-15  per  cent. 

1  Lcs  Matierh  Grasses,  1911,  2158.  ^  Chem.  Rcme,  1913,  1. 


Per  cent. 
32-6 
51-5 
5-9 
1000 
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The  oil  has  a  pleasant  nutty  odour,  and  mild  taste.  The  following 
characteristics  were  ascertained  by  Grimme  and  Thorns  : — 


Grimtne. 

Thorns.  1 

Specific  gravity  at  15°  C. 

SoHdifyiiig  point  ..... 

Saponification  value  .... 

Iodine  value  ..... 

Reichert-Meissl  value  .... 

Titration  number  insoluble  volatile  acids 

Refractive  index  at  15°  C. 

Acetyl  value       .         .  ... 

0-  9286 

-  S°  to  -  1 0°  c 

194-8 

134-8 

1-  24 

0-  56 

1-  4805 

195-2 
130-4 
1-08 
0-60 

18-4 

Fatty  Acids — 

Insoluble  fatty  acids +unsaponifiable  . 
Solidifying  point  ..... 
Melting  point  ..... 
Mean  molecular  weight  .... 
Iodine  value        .         .         .         .  ■ 
Refractive  index  at  50°  C.        .         •  • 

94-8  per  cent 
35-36°  0. 
41°  C. 
285-6 
137-6 
1-4694 

95-8 
140-7 

■WALNUT  OIL — NUT  OIL 

French — Huile  de  noix.  German — Nussdl,  Wallnussol. 
Italian — Olio  di  noce. 

For  tables  of  characteristics  see  pp.  101,  102. 

This  oil  is  obtained  from  the  seeds  of  the  common  walnut  tree, 
Juglans  regia,  L.  The  fruit  intended  for  the  preparation  of  the  oil 
must  be  allowed  to  ripen  fully  and  kept  two  to  three  months  before  being 
pressed,  as  fresh  seeds  yield  a  very  turbid  oil,  difficult  to  clarify.  The 
kernels  contain  from  63  to  65  per  cent  of  oil.  According  to  H.  Kuhl  ^ 
German  walnuts  yield  56-78  per  cent  of  oil,  French  walnuts  60-71  per 
cent.  The  German  nuts  are  stated  to  contain  19-49  per  cent  of  protein 
and  3-12  per  cent  of  nitrogen,  whereas  the  French  contain  respectively 
only  17-63  and  2-82  per  cent.  The  cold-drawn  oU  is  almost  colourless, 
or  of  a  pale  yellowish-green  tint,  and  has  a  pleasant  smell  and  an  agree- 
able nutty  taste  ;  the  hot-pressed  oil  has  a  greenish  tint  and  an  acrid 
taste  and  smell. 

The  solid  glycerides  of  walnut  oil  are  stated  to  contain  myi'istic  and 
lauric  acids  ;  the  liquid  fatty  acids  of  the  oil  consist  chiefly  of  linolic 
acid,  and  of  smaller  quantities  of  oleic,  linolenic  (and  isolinolenic  ?) 
acids.  Hehner  and  Mitchell  obtained  from  1-42  to  1-9  per  cent  ether- 
insoluble  brominated  glycerides  in  the  bromide  test.  The  statement 
made  by  Kehler  ^  that  a  sample  of  walnut  oil  had  the  Reichert-Meissl 

1  Arhh.  a.  d.  Pharm.  InsL  d.  Univ.  Berlin,  1913  (9),  225. 

I'hurm.  Zdt.,  1909  (tA),  58. 
^  Amer.  Journ.  Pharm.,  1901,  73,  173. 
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value  15,  requires  confirmation ;  aU  tlie  more  so  as  the  saponification 
value  of  the  sample  was  190-1  to  190-5.  The  "  phytosterol "  isolated 
from  walnut  oil  appears  to  be  identical  with  sitosterol,^  and  has  the 
ozone  value  24-84. 

One  part  of  walnut  oil  dissolves  in  188  parts  of  cold,  or  in  about 
60  parts  of  boiling  alcohol.  On  cooling,  crystals  separate  from  the 
solution. 

Walaut  oil  has  good  drying  powers.  Its  comparatively  high  price 
acts  as  an  incentive  to  adulterate  it  with  hnseed  oil.  The  latter  is 
detected  in  a  suspected  sample  by  a  higher  iodine  value  than  the  normal 
one,  and  a  yield  of  ether-insoluble  brominated  glycerides  (or  acids) 
exceeding  2  per  cent.^  The  presence  of  cotton  seed  oil,  sesame  oil,  and 
arachis  oil  is  indicated  by  a  low  iodine  absorption.  Confirmation  is 
obtained  in  the  case  of  the  first  two  oils  by  their  characteristic  colour 
reactions,  and  in  the  case  of  arachis  oil  by  the  arachidic  acid  test. 
Walnut  oil,  in  its  turn,  is  used  as  an  adulterant  of  olive  oil,  its  higher 
iodine  absorption  being  "  corrected  "  by  the  addition  of  lard  oil. 

The  best  qualities  of  walnut  oil  are  almost  colourless  ;  such  oil  is 
therefore  preferred  to  any  other  for  the  making  of  white  paints  for 
artists.  These  paints  are  less  liable  to  crack  than  the  paints  made  with 
linseed  oil.  Poppy  seed  oil,  which  is  also  used  in  the  preparation  of 
white  paints  for  artists,  is  differentiated  from  walnut  oil  by  not  yielding 
ether-insoluble  brominated  glycerides.  Walnut  oil  containing  notable 
amounts  of  free  fatty  acids  is  unsuitable  for  making  pamts ;  such  oil 
finds  an  outlet  in  the  manufacture  of  soft  soaps. 

Bellier  ^  bases  the  detection  of  poppy  seed  oil  in  walnut  oU  on  the 
different  solubilities  of  their  mixed  fatty  acids  in  70  per  cent  alcohol 
at  17°-19°  C.  in  the  presence  of  a  definite  amount  of  potassium  acetate. 
Poppy  seed  oU  contains  more  soUd  fatty  acids  than  walnut  oil,  and 
therefore  gives  a  more  abundant  precipitate.  The  test  is  made  as 
follows  -—1  c.c.  of  the  oU  is  warmed  with  5  c.c.  of  a  solution  of  alcohohc 
potash,  containing  16  grms.  in  100  c.c.  of  92  per  cent  alcohol,  until  a 
clear  solution  is  obtained.  The  test-tube  is  corked  and  warmed  m  a 
water  bath  for  half  an  hour  to  70°  C.  Then  so  much  of  a  25  per  cent 
solution  of  acetic  acid  is  run  in,  as  is  required  to  neutiahse  exactly  the 
5  c  c.  of  alcoholic  potash  solution  (this  must  be  ascertained  m  a  blank 
test)  The  test-tube  is  then  corked,  placed  m  water  of  25  C,  finaUy 
in  water  of  17°-19°  C,  being  shaken  frequently.  Pure  wahiut  oil  gives 
only  a  minute  precipitate,  which  hardly  covers  the  bottom  of  the  test- 
tube,  whereas  poppy  seed  oil  yields  a  copious  precipitate.  Balavoine 
however,  found  that  only  from  20  per  cent  upwards  of  poppy  seed  oil 
can  thus  be  detected  in  wahiut  oH.  Moreover,  rancid  oils  seem  to  give 
a  more  copious  precipitate,  in  even  a  shorter  time,  than  neutial  oils. 

1  A  Menozzi  and  A.  Moreschi,  Rend.  R.  Accad.  dei  Lined,  1910  (xix.),  187. 

.  LSn-rmloi  (Bull.  .00.  Cker..,_  19Q5  (35),  ^^'^^J^^^^^.^^^. 
bromine  hi  carbou-tetraohloride  solution,  is  a  modilication  of  the 
Chap!  VIII.).    Being  a  qualitative  test,  small  amounts  ot  linseed  oil  would  escape 
detection. 

3  Ann.  chim.  appUq.,  1^05,  52.  ; 

*  Journ.  Suisse  de  Chimie  ei  PiMrmacie,  190b,  16. 
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Fhysical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+Unsaponiflable. 

Solidifying  Point. 

Melting  Point. 

Iodine  Value. 

Per  cent. 

Observer. 

°C. 

Observer. 

°0. 

Observer. 

Per  cent. 

Observer. 

9o-4 

Grossley 

and 
Le  Sueur. 

16 

Hiibl 

20 
16-18 

16 

Hiibl 

De  Negri 
and 
Fabris 

Blasdale 

150-05 

De  Negri 
and 
Fabris 

Liquid  Fatty  Acids 

167 

Tortelli 

and 
Ruggeri, 

BelUer's  method  is  not  an  exact  one,  and  can  only  give  rough 
indications  when  all  other  methods  fail.  Bellier  proposed  this 
method  with  a  view  to  detecting  also  other  vegetable  oils,  such  as  linseed 
oil,i  cotton  seed  oil,  sesame  oil,  rape  oil",  arachis  oil,  oUve  oil ;  but  the 
methods  given  above  will  be  found  much  more  reliable. 

Fouchet  2  examined  a  specimen  of  oil  obtained  from  the  seeds  of  a 
cross  between  Juglans  nigra  and  Juglans  cinerea.  They  yielded  50  per 
cent  of  an  oil  having  the  following  characteristics  : — 


Specific  gravity 
Saponification  value  . 
Iodine  value 

Refractive  index  at  22°  C. 
Rotary  power  . 
Critical  temperature  of  dissolution  in  alcohol 


0'925 
191 
151 

1-4765 

0 

71°  C. 


Fouchet  states  that  this  oU  contains  stearic,  oleic,  Unohc,  and  linolenic 
acids.  LinoUc  acid  is  said  to  form  about  70  per  cent  of  the  total 
fatty  acids. 

The  fatty  oil  of  Jiiglans  nigra,  L.,  is  described  under  the  name  of 
"  Pecan  oil  "  (Paccan  oil)  on  p.  226. 

1  An  oil  sold  as  "huile  de  noiseline  "  is  a  linseed  oil  containing  a  few  per  cent  of 
nut  oil. 

2  Bull.  Sciences  Pharm.,  1911  (xvui.),  529. 
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ARBUTE  SEED  OIL — ARBUTUS  UNEDO  OIL  ^ 

French — Huile  d'arbouse.  German — Sandbeerendl. 
Italian — Olio  di  corbezzola. 

The  fruits  of  Arbutus  unedo  are  used  (near  Perugia)  for  the  com- 
mercial production  of  alcohol.  The  fatty  oil  constituting  39-03  per  cent 
of  the  seeds  is  retained  in  the  still  residue.  The  insoluble  fatty  acids 
(including  the  unsaponifiable  matter)  amount  to  92-6  per  cent.  They 
consist  of  palmitic,  oleic,  linolic,  and  isolinolenic  acids,  the  two  latter 
predominating.  The  quantitative  examination  of  the  fatty  acids 
carried  out  according  to  Hazura's  method  is  stated  to  have  yielded  3-43 
per  cent  oleic  acid,  53-75  per  cent  linolic  acid,  and  24-33  per  cent  iso- 
linolenic acid.  It  should,  however,  be  pointed  out  that  this  composition 
cannot  be  reconciled  with  the  iodine  value. 


Physical  and  Chemical  Characteristics  of  Arbutus  Unedo  Oil 


Specific 
Gravity. 

Solidify- 
ing Point. 

Saponifi- 
cation 
Value. 

Iodine 
Value. 

Reichert- 
WoUny 
Value. 

MaunienS  Test. 

Butyro-refracto- 
meter. 

At°C. 

•c. 

Mgrms. 
KOH. 

Per  cent. 

CO. 

KOH. 

°C. 

At°C. 

"Degrees" 

15 

0-9208 

-27 

208 

147-8 

0-86 

103-5 

(InTortelli's 
apparatus, 
olive  oil 
being  tlie 
diluent. ) 

25 

71 

LINARIA  OIL  ^ 

French — Huile  de  linaire,  Huile  de  lin  sauvage.  German — 
Leinkrautdl.  Italian — Olio  di  linaria. 

The  seeds  of  Linaria  reticulata  (belonging  to  the  Antirrhineo})  contain 
37-5  per  cent  of  linaria  oil.  Fohin  states  that  the  oil  yields  no  linolic 
acid. 


Physical  and  Chemical  Characteristics  of  Linaria  Seed  Oil 


Specific  Gravity. 

Saponification  Value. 

Iodine  Value. 

At' C. 

Mgrms.  KOH. 

Per  cent.. 

20 
(water  at 
18' =  1) 

0-9217 

188-6 

140-0 

'  G.  Hani,  AUi  R.  Accad.  dei  Lincei,,  Uonui,  1905,  xiv.  [2],  619-623;  Chcm. 
OenlralbL,  1906,  i.  373.  Fokin,  Chem.  Revnc,  1906,  130. 
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Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insolubls  Ffitty 
Acids  +  Un- 
saponifiable. 

Specific 
Gravity. 

Solidify- 
ing Point. 

Melting 
Point. 

Neutralisation 
Value. 

Iodine 
Value. 

Acetyl 
Value. 

Per  cent. 

At  19*  C. 

(water  19°  =  1). 

°C. 

°0. 

Mgrms.  KOH. 

Per  cent. 

9-1-1 

0'903 

13-8-5 

14-22 

201-1 

148-5 

12-3 

SAFFLOWER  OIL — SAFFRON  OIL 

Frencli — Huile  de  carthame.  German — Saflordl. 
Italian — Olio  di  cartamo. 

For  tables  of  characteristics  see  pp.  107,  108. 


For  table  of  characteristics  of  Indian  oUs  see  p.  106. 


Safflower  oil  is  obtained  from  the  seeds  of  Carthamus  tinctorius,  L., 
a  plant  until  recently  cultivated  all  over  India  for  the  preparation  of 
the  safeon  dye.  The  chief  localities  where  the  plant  is  grown  are 
Bengal,  Hyderabad,  Cawnpore,  Bombay,  and  the  Punjab.  Two 
distinct  varieties  are  giovm,  Carthamus  tinctorius  and  Carthamus  oxy- 
acantha.  The  characteristics  of  the  oil  fi'om  C.  tinctorius  from  Mombo 
(German  East  Africa)  do  not  difier  from  those  given  below  for  the 

Leather  ^  ascertained  in  a  number  of  samples  obtained  fi-om  different 
provinces  of  India  the  proportion  of  oil.  His  results  are  summarised 
in  the  following  table  : — 


District. 

Number  of 
Hamplns. 

Oil. 

Per  cent. 

Weiglit  of  100  Seeds. 
Grams. 

Central  Provinces 
Bombay  Presidency  . 
Madras  Presidency 
United  Provinces 
Bengal  

G 
9 
8 
6 
1 

23-54-31-82 
28-79-32-23 
23-88-33-55 
27-94-29-78 
22-47 

3-  405-6-774 

4-  21  -5-516 

2-  973-4-622 

3-  348-4-936 
3-209 

1  Foii.llor,  ahem.  Zeii.,  1004,  No.  74. 
Manoirs  of  the  Department  nf  Agriculture,  in  hulm,  March  190/. 
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The  cultivation  of  the  plant  has  also  been  extended  to  Egypt,  the 
Caucasus,  and  Tui-kestan,  and  seems  to  be  on  the  increase  in  these 
countries.  The  seeds  contain  as  a  rule  from  30  to  32  per  cent  of  oil, 
but  owing  to  the  thick  husk,  only  17  to  18  per  cent  of  the  oH  are  obtam- 
able  by  pressing.  The  press  cake  contains,  therefore,  a  large  amount 
of  woody  fibre,  as  is  shown  by  the  following  analysis  of  a  pressed  cake, 
prepared  by  the  author  on  a  semi-large  scale. 

Per  ceut. 

Albuminoids      .  ■         •  .20-11 


Oil 

Starch,  sugar,  etc. 
Woody  fibre 
Moisture  . 
Ash 


11-91 

10-  83 
40-75 

11-  60 
4-80 


This  analysis  points  to  the  necessity  of  first  decorticating  the  seeds, 
so  as  to  lay  bare  the  kernel  which  forms  40  per  cent  of  the  seed.  Special 
machinery  is  required  for  this  purpose,  the  ordinary  Anglo-American 
rollers  having  been  found  unsuitable  on  account  of  the  extreme  hardness 
of  the  husk.  An  experiment  carried  out  on  a  semi-large  scale  ^  with  a 
special  machine  yielded  over  31  per  cent  of  kernels  ("  meats  "). 

The  oil  is  prepared  in  India  on  a  small  scale  fr-om  two  kinds  of  fruits — 
the  cultivated  white  and  glossy  form,  and  the  small  fr'uit  of  a  mottled 
brown,  grey,  or  white  appearance.  The  oil  obtained  fr'om  the  cultivated 
variety  by  expression  in  the  cold  is  pale  yellow  ;  it  has  a  pleasant  taste 
simulating  that  of  sunflower  oil,  so  that  it  can  be  largely  used  for  edible 
purposes.  Considerable  quantities  are  pressed  in  India  together  with 
other  seeds,  especially  arachis  nuts. 

The  saturated  fatty  acids  of  safflower  oil  consist  of  palmitic  and 
stearic  acids,  as  ascertained  by  fractional  precipitation  with  magnesium 
acetate  of  those  acids  which  yield  lead  salts  insoluble  in  ether.  The 
high  iodine  value  of  the  oil  points  to  large  amounts  of  unsaturated  acids. 
Le  Sueur, ^  examining  the  oil  by  the  oxidation  and  bromination  methods, 
states  that  the  liquid  fatty  acids  consist  of  oleic  and  linolic  acids ;  no 
evidence  of  the  presence  of  linolenic  acids  was  obtained.  Walker  and 
Warburton,  however,  ascertained  in  the  author's  laboratory  ^  that  whilst 
the  oil  yields  no  ether-insoluble  brominated  glycerides,  the  fatty  acids 
give  from  0-65  to  1-65  per  cent  of  ether-insoluble  bromides.  Tylaikoff 
confirms  the  presence  of  oleic  and  linolenic  acids  by  their  oxidation 
products  ;  as  also  that  of  linolic  acid  by  isolating  linolic  tetrabromide. 
The  unsaponifiable  matter  in  several  specimens  of  oil  examined  in  my 
laboratory  amounted  to  1-5  per  cent.  The  true  acetyl  value  of  several 
samples  was  found  to  be  16-1, 12-85,  and  12-78  {LewJcowitsch).  In  view  of 
the  importance  this  oil  may  acquire,  a  number  of  analyses,  which  have 
been  summarised  partly  in  the  table  of  characteristics,  may  be  added 
here. 


590. 


Memoirs  of  i/ie  jiepartment  of  Agriculture  in  India,  March  1907. 
2  Cp.  Lowkowitsch,  "  Problenis  in  the  Fat  Iiirlnstry,"  Jonrn.  Soc.  Chcm.  Ivd..  1903, 


Jonm.  Sac.  Ohc.m.  fniL,  1900,  104. 


•'  Analyst,  1902,  237. 
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Physical  and  Ohemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+ Unsaponi  Hable. 

Speciflo  Gravity. 

Solidifying  Point. 

Neutralisation 
Value. 

1 

Iodine  Value. 

Per 
cent. 

Observer. 

At  15°  0. 

Observer. 

°C. 

Observer. 

Mgrms. 
KOH. 

Observer. 

Per 
cent. 

Observer. 

95-4 

Crossley 

and 
Le  Sueur 

0-9135 

Fendler 

16 
(Titer 
Test) 

Lewko- 
witsch 

199 

Fendler 

148-2 
132-5 

Fendler 
F.  and  S. 

Melting  Point 

Liquid  Fatty  Acids. 

16-16-5 

Fabris 

and 
Settimj 

191-4 

Fendler 

159-6 

150-8 
140-5 

Lewko- 
witsch. 
Fendler 
F.  and  S. 

Safflower  oil  possesses  good  drying  powers,  and  although  it  cannot 
replace  linseed  oil  in  aU  its  applications,  it  should  certainly  form  a 
substitute  for  it  in  many  instances,  and  find  extended  use  in  the  manu- 
facture of  soft  soap.  In  Livache's  test  the  oil  absorbed  6-4  per  cent  of 
oxygen  after  two  days  {Tylaikoff). 

Safflower  oil  is  heated  by  the  natives  to  obtain  an  oil  suitable  for 
the  preservation  of  leather  vessels,  ropes,  etc.,  when  exposed  to  the 
action  of  water.  A  specimen  of  oil  thus  prepared  had  the  specific 
gravity  0-9634,  the  saponification  value  188-0,  and  the  iodine  value 
128-9.  It  therefore  represents  a  land  of  "  boiled  oil."  The  special 
process  of  preparing  this  "  boiled  oil "  is  carried  out  in  India  as  follows:— 
The  seeds  of  the  wild  safflower,  Carthamus  oxyacantha,  are  expressed 
in  the  hot,  and  the  oil  is  boiled  in  earthenware  vessels  for  twelve  houi's, 
during  which  time  considerable  quantities  of  acrolein  volatilise.  The 
"  boiled  "  oil  is  immediately  placed  in  flat  dishes,  partly  filled  with 
cold  water,  so  that  it  soUdifies  to  a  jelly-Hke  thick  mass  termed 
"  roghan  "  (Afridi  wax).  This  "  boiled  oil  "  is  employed  by  the  natives 
in  Lahore,  Delhi,  Bombay,  and  Calcutta  for  the  manufacture  of  "Afi'idi 
wax  linoleum."  It  is  also  used  by  the  natives  for  drawing  artistic 
designs  on  woven  cloth,  the  production  of  which  was  considered  for  a 
long  time  a  valuable  secret.  The  pattern  is  made  (by  the  natives)  by 
means  of  finely  pointed  staves  dipped  in  the  "  roghan,"  which  is  di-awn 
out  in  very  fine  threads,  and  so  deposited  on  the  cloth.  When  com- 
pletely dry,  it  forms  an  indelible  pattern.  ,      •  •, 

Considerable  quantities  of  safflower  oil  are  used  as  a  burnmg  oil, 

notably  in  Egypt.  , 
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KAYA  OIL 

French — Hicile  de  Kaya.  German — Kayadl. 
Italian — Olio  di  Kaya. 

This  oil  is  obtained  from  the  seeds  of  Torreya  nucifera,  S.  and  Z. 
(Taxacece),  a  plant  growing  wild  in  the  mountainous  regions  in  several 
districts  of  Japan.'  The  seeds  are  of  long  oval  shape  with  pointed  ends, 
1-5  to  2-5  cm.  long,  and  weigh  on  an  average  1  gram.  The  black  coloured 
husks  are  very  hard,  and  enclose  a  pale  yellow  kernel  covered  with  a 
reddish  brown  skin.  The  seeds  consist  of  32  per  cent  of  husks  and 
68  per  cent  of  kernels.  The  kernels  contain  on  an  average : — 
Moistm-e,  2-67  to  5-04  per  cent;  oil,  51-07  to  51-70  per  cent; 
ash,  2-20  to  2-29  per  cent. 

The  oU  is  prepared  commercially  by  steaming  and  pressing  the 
comminuted  seeds  whereby  about  13  per  cent  of  oil  (by  volume)  are 
obtained.  Cold-pressed  oil  is  pale  yellow,  and  has  a  faint  odour  and 
a  mild  taste.  Commercial  oils  are  yellow  and  have  a  faint  resinous 
odour. 

The  following  characteristics  were  obtained  in  the  examination  of 
cold-pressed  and  commercial  oils  : — 


Commercial  Oils. 

Cold-pressed 

Oil. 

I. 

II. 

Oil— 

Specific  gravity  at  15°  C.  . 
Saponification  value 
Iodine  value  .... 
Keichert-Meiss.l  value 
Refractive  index  at  20°  C. 

0-9238 
188-4 
142-2 

0-  93 

1-  477 

0-  9233 
188-3 
138-0 

1-  47C0 

0-  9244 
188-0 
133-4 

1-  4757 

Fattif  Acids — 

Insoluble  acids +  unsaponifiablc 
Specific  gravity  at  98°  C.  . 
Neutralisation  value 
Mean  molecular  weight  . 
Iodine  value  .... 

95-7% 

0-8509 
192-81 
290-96 
149-5 

The  acid  values  of  the  three  specimens  were  1-5,  1-2,  and  12-7  re- 
spectively. 

The  insoluble  fatty  acids  deposited  at  the  ordinary  temperature 
some  crystals,  which  melted  into  the  oily  part  at  25°  C.  In  the  elaidin 
test  no  solidification  was  observed  after  two  hours ;  at  the  end  of 
twenty-four  hours  only  a  small  deposit  of  buttery  consistence  was 
obtained.  The  mixed  fatty  acids  contain  stearic  acid  and  linolic  acid 
{Kametaka^).  The  fatty  acids  are  stated  by  Seuchi  Ueno  to  consist  of 
9  per  cent  of  palmitic  and  stearic,  19  per  cent  of  oleic,  and  72  per  cent 

>  Tsujimoto,  Jourii.  Coil.  ICnrj.  Tokyo,  1908,  83.        ^  Ibid.,  1908,  .\xv.  Art.  4. 
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of  linolic  acids.^  When  the  oil  is  heated  bx  a  thin  layer  at  100°  C.  for 
three  hours,  it  dries  to  an  elastic  film.  A  "  boiled  "  oil  prepared  by- 
heating  with  manganese  borate  or  resinate  dries  completely  after 
twenty-four  hours  at  the  ordinary  temperature. 

In  the  bromide  test  no  ether-iasoluble  hexabromide  was  found. 
Kametaka  obtained  a  tetrabromide,  melting  at  114°  C,  hence  the 
presence  of  linolic  acid  is  proved. 

The  "  cold-drawn  "  kaya  oU  is  consumed  as  an  edible  oil ;  the 
commercial  qualities  are  used  for  burning,  in  the  manufactui-e  of  papers, 
and  as  an  iasecticide. 


INUKAYA  OIL  (siiB^  OIL  ^) 

French — Huile  d'inukaya.  German — InuJcayaol. 
Italian — Olio  di  inukaya. 

This  oil  is  obtained  from  the  seeds  of  the  inukaya  tree,  Cephalotaxus 
drupacea,  S.  and  Z.,  an  evergreen  plant  belonging  to  the  family  of 
TaxacecB.  The  seeds  are  of  smaU  eUipsoidical  shape  ;  they  weigh  on  an 
average  0-59  grm.,  and  consist  of  33  per  cent  of  brown  husks  and  67 
per  cent  of  light  brown  kernels  having  a  resinous  odour.  The  kernels 
contain  :— Moisture,  4-57  per  cent ;  oil,  67-1  per  cent ;  ash,  2-2  per  cent. 
The  oil  (called  "  bebe  "  in  the  Shiga  and  Fukui  districts)  is  prepared  by 
steaming  and  pressing  the  powdered  seeds  ;  it  is  chiefly  manufactured 
in  the  northern  parts  of  the  Shiga  prefecture. 

The  "  cold-drawn  "  oil  (prepared  in  the  laboratory)  was  a  light 
yellow  oil  of  slightly  resinous  odour,  which  did  not  solidify  at  - 15°  C. 
The  following  characteristics  were  determined  : — 

Specific  gravity  at  15°  C   0-9250 

Saponification  value  .....  188-5 

Iodine  value  130-3 

Refractive  index  at  20°  C  1-476 

Inukaya  oil  resembles  kaya  oU  in  many  of  its  properties,  but  dries 
less  readily  than  the  latter. 

On  account  of  its  resinous  odour  the  oil  cannot  be  used  as  an  edible 
oU.    It  is  employed  in  the  same  manner  as  commercial  kaya  oil. 

ECHINOPS  OIL  (thistle^  SEED  OIL) 

Yrench— Huile  de  chardon.  Germsin—Echinopsdl. 
Italian — Olio  di  echinops. 
The  seeds  of  Echinops  ritro,  D.C.  -(a  plant  belonging  to  the  family  of 
CompositcB,  and  indigenous  to  Asia  and  the  Mediterranean),  yield  27-5 
per  cent  of  this  oil. 

1  Oliem.  Revue,  1913,  208. 

a  T«iiiinioto  Jourri.  Coll.  linn.  Tokyo,  1908,  8&.  ,  ,  , 

3  S^U  mTs^'not  be  confounded  with  "Castilla  thistle  "  oU  from  Oy^mra  cardunculus. 
See  table,  "  Lesser  known  non-drying  oils. " 
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The  characteristics  found  by  Wijs  ^  in  specimens  of  the  oil,  containing 
44  per  cent  and  7-3  per  cent  of  free  fatty  acids  respectively,  are  given 
in  the  following  tables. 

The  oil  absorbs  9  per  cent  of  oxygen  {Weger's  method).  1000  c.c. 
of  absolute  alcohol  at  15°  C.  dissolve  51  gi-ms.  of  the  neutral  oil  (freed 
from  fatty  acids).    The  acetyl  value  of  one  specimen  was  26-5. 

The  oil  gives  neither  the  Halphen  nor  the  Baudouin  reaction. 


Physical  and  Chemical  Characteristics  of  Echinops  Oil 


Speciflo  Gravity. 

Saponification  Value. 

Iodine  Value. 

At  20°  C. 
(Water  4°=  1). 

Mgrms.  KOH. 

Per  cent. 

0-9285-0 -9253 

189-2-190 

138'l-lil-2 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Melting  Point. 

Neutralisation 
Value. 

Mean  Molecular 
Weight. 

Iodine  Value. 

•c. 

Mgrms.  KOH. 

Per  cent. 

11.-12 

192-3-192-9 

291-292 

139-1-143 -8 

SOJA  BEAN  OIL,  SOYA  ^  BEAN  OIL  (sOY-BEAN  OIL,  BEAN 
OIL,  CHINESE  BEAN  OIL) 

French— ffm7e  de  soja,  Huile  de  soya.  German — Saulohnenfeil, 
Sojabohnenol,  Chinesisches  Bohnendl.  Italian — Olio  di  soia. 

For  tables  of  characteristics  see  p.  116. 

This  oil  is  obtained  from  the  seeds  of  Dolichos  soja,  L.,  Soja  hispida, 
Sieb.  et  Zucc,  Soja  japonica,  Savi,  Glycine  hispida,  Maxim  ("  Sachuca 
bean").  Glycine  Soja,  L.,  a  plant  indigenous  to  China,  Manchuria, 
Korea,  Japan,  Formosa,  and  Indo-China,^  where  the  oil  and  the  expressed 
cake  have  always  been  used  for  edible  purposes.* 

'  Zeils.  f.  Unters.  d.  Nahrgs-  u.  Oenuasm.,  1903,  492. 

^  The  Latin  name  "  Soja  "  having  been  pronounced  in  this  country  "  Soya,"  the  spell- 
ing "Soya"  has  been  adopted  as  the  oflicial  one  by  the  Chambers  of  Comnicrco  in  this 
country. 

'  liullelin  ^conomique  de  I' Indo-Chine,  December  1905  ;  Lcs  Cultures  vimiires  au 
Tonkin,  TTanoi,  1905. 

0.  Nagel,  Journ.  ,Soc.  Vhem.  Ind.,  1903,  1337.  For  soya  liean  preparations  sue 
K.  Saito,  Zentralbl. /.  liaklericn  und  I'amsUenhindc,  ]90(),  ii.  17,  20,  101,  152. 


112 


GLYCEEIDES — DRYING  OILS 


OHAr. 


The  industry  of  the  soya  bean  still  forms  one  of  the  most  important 
manufactures  of  Manchuria,^  and  of  Japan.  In  China  the  soya  bean 
has  been  cultivated  for  at  least  4700  years,  the  Emperor  Shen  Nung 
having  planted  the  soya  bean  about  2800  B.C.  Four  varieties  of  soya 
{teou ;  tau)  are  known  in  China,  namely,  white  [pah),  jellow  (Jiouang), 
green  {tsin),  and  black  (Iiei).  In  Manchuria  the  beans  are  soaked  in 
water  over  night,  then  crushed  and  boiled  with  a  little  water,  so  as  to 
burst  the  oil  cells.  The  oil  is  then  expressed  in  the  most  primitive 
fashion  ;  but  owing  to  the  long  time  the  cakes  are  allowed  to  remain 
in  the  presses  the  yield  of  oil  amounts  to  13  per  cent,  whereas  modern 
machinery  (Anglo-American  presses)  yield  no  more  than  10  per  cent. 
The  expressed  meal  is  made  in  the  Far  East  into  bean-cakes  or  bean- 
cheese  (Chinese,  Teou-fou-tcha ;  Japanese,  Tofu),  which  not  only 
constitute  one  of  the  staple  foods  of  the  country,  but  form  an  important 
article  of  export.  Thus  in  1903  there  were  shipped  from  Newchwang 
alone  196,680  tons  of  beans,  6000  tons  of  soya  bean  oil,  and  273,000  tons 
of  bean  cake.^ 

The  plant  is  also  extensively  cultivated  in  Japan.^  The  extent  of 
the  soya  bean  industry  in  Japan  may  be  gathered  fi'om  the  fact  that 
there  exist  in  that  cotmtry  no  less  than  11,000  installations,  in  which 
about  two  and  a  half  million  hectolitres  of  beans  are  expressed  and 
treated  per  annum,  by  a  kind  of  fermentation  (with  the  aid  of  Aspergillus 
oryzcB),  for  the  preparation  of  Shojou  and  Misu,  Uquid  condiments 
extensively  used  by  the  poptdation.*  The  demand  for  soya  is  so  great 
that  the  Japanese  home  production,  estimated  at  five  to  seven  million 
hectolitres  of  beans  per  annum,  does  not  suffice,  and  therefore  beans  are 
imported  from  Manchuria  and  Korea. 

The  following  table  gives  the  quantities- of  beans  exported  to  Japan 
before  the  large  shipments  to  Europe  (see  below)  took  place  :— 


Year. 

Piciils.5 

Value  in  Dollars. 

1902 
1903 
1904 
1905 
1906 
1907 
1908 

1,085,000 
3,239,000 
3,654,000 
3,073,000 
4,336,000 
5,501,000 
7,761,000 

1,629,000 
3,807,500 
4,001,600 
4,576,000 
6,468,500 
8,715,500 
10,823,000 

In  addition  thereto  considerable  quantities  of  oil  and  bean-cake  were 
sent  to  Japan. 

1  A  Hosie,  Manchmia,  Metlnien  and  Co.,  London,  1901.  Cp.  iiho  Journ.  Soc. 
CAem.  >«d.  1893,  769  ;  1901,  642.  N.  Shaw,  The  Soya  Bean  Industry  of  Man- 
ch'iiria,  P.  S.  King  and  Son,  1911. 

2  These  statistical  data  are  not  reliable. 

:  S°^tS^S'aAMf:^ri^^^  Univ.,  1907  (7).  477 

An  aSaratf  t^^^^^^^^^^^      soy  ;auce  has  been  patented  by  Suzuki,  French  patent 

377  294. 

"  One  pioul  =  138-5  lbs. 
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Early  efforts  to  sliip  soya  beans  to  Europe  were  abandoned  on 
account  of  tlie  deterioration  which  they  underwent  on  the  long  voyage, 
as  also  on  account  of  the  difficulty  of  disposing  of  the  cakes. 

Later  efforts,  after  the  conclusion  of  the  Eussian-Japanese  War, 
during  which  enormous  quantities  of  soya  beans  had  accumulated  in 
Manchm-ia,  were  more  successful,  and  owing  to  favourable  shipping 
conditions,  it  became  practicable  to  send  enormous  quantities  to 
England,  which  were  readily  taken  up  by  the  existing  oil-crushing  mills. 
Thus  the  export  of  soya  beans  from  Manchm-ia  became  rapidly  and 
firmly  established,  and  immediately  developed  into  a  trade  of  enormous 
dimensions. 

The  first  shipment  to  this  country  arrived  in  the  autumn  of  1908. 
The  quantities  shipped  dm-ing  the  following  years  to  Europe  were  : — 

Year.  Tons. 

1909    400,000 

1910    500,000 

1911    340,000 

The  quantities  given  for  1909  and  1910  were  distributed  over  the 
several  oil-milling  centres  as  follows  : — 


1909. 

1910. 

Quarters. 

Quarters. 

183,636 

206,100 

HuU  

904,998 

1,082,000 

346,847 

205,150 

Bristol  Channel  .... 

253,035 

214,850 

121,604 

214,850 

Sundry  Ports  (Rochester,  etc. )  . 

119,169 

57,700 

1,929,289 

1,980,650 

The  total  shipment  of  beans  from  the  Manchurian  ports  and  from 
Vladivostock  were  as  follows  : — 

Year.  Tons. 

1909    1,470,870 

1910    1,200,000 

1911    1,500,000 

Deducting  from  these  quantities  the  exports  to  Europe  given  above 
as,  respectively,  400,000  tons,  500,000  tons,  and  340,000  tons,  it  will  be 
gathered  that  by  far  the  largest  quantities  of  beans  are  exported  to 
Japan  and  China. 

In  the  first  years  of  the  enormous  shipments  to  Europe  the  total 
quantity  of  seed  came  almost  exclusively  to  this  country,  as  the  heavy 
duties  imposed  by  the  continental  countries  prohibited  the  import. 
Hence  the  shipment  of  soya  bean  oil  from  this  country  acquired 
VOL.  II  1 
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immediately  very  large  dimensions.    This  is  exemplified  by  the  exports 


of  oU  from  Hidl  detailed  in  the  following  table  : — 


To 
Austria 
Australia 
America 
Belgium 
Denmark 
Egypt 
Trance 
Germany 
HoUand 
Italy 
India 


1910. 
3,501  barrels 

2  „ 
23,354 
16,068  „ 
766 
27  „ 
1,500 
16,699 
25,537  „ 
11,196 
510  „ 


The  great  industry  which  thus  had  sprung  up  almost  suddenly  in 
the  worldng  up  of  soya  beans  for  oil  and  cake  induced  continental 
countries  to  abolish  the  duty,  so  that  beans  are  now  also  imported  to 
continental  countries,  which  are  thus  enabled  to  crush  these  seeds  side 
by  side  with  cotton  seed  and  other  oleaginous  seeds. 

The  rapid  introduction  of  soya  beans  in  the  oil-crushing  industry 
was  especially  favoured,  in  addition  to  the  favourable  conditions  set 
out  above,  by  the  fact  that  the  Anglo-American  oil  machinery  ^  proved 
itself  fully  suitable  to  deal  with  the  new  product.  ^ 

The  sudden  edal  with  which  the  soya  bean  had  sprung  into  notoriety 
immediately  induced  endeavours  to  cultivate  the  plant  as  an  oleaginous 
seed  in  other  parts  of  the  globe.^  This  was  facilitated  by  the  feature 
that  the  soya  plant  can  thrive  on  comparatively  poor  sod  and  does 
not  require  much  attention.  Thus  successful  efforts  have  been  made 
to  grow  the  soya  plant  in  Ceylon,  India,  on  the  West  Coast  of  Africa,* 
British  Guiana,  South  Africa  (Natal,  Transvaal  5),  Austraha,  the  Umted 
States,**  Italy,  and  elsewhere. 

The  average  composition  of  the  soya  bean  is  as  follows  :— 


Oil  . 

Water 

Albuminoids 
Carbohydrates 
Crude  fibre  . 
Ash  . 


Per  cent. 
18 
10 
40 
22 

6 

6 


The  United  States  Department  of  Agriculture  gives  the  foUowing 
detaUed  analyses  of  a  number  of  varieties  of  soya  beans  :— 

1  CP  L.  B.  Commou  aud  Hull  Oil  Manufacturiug  Co.,  English  patent  5797,  1909 

2  R  Stewart  aud  G.  H.  Chard  patented  in  English  patent  12,727,  1910,  a  speo.al  mdl 
for  breaking  up  .soya  bean.s. 

^  ^{^i.  S  seiso^'the  !oya  bean  harvested  in  West  AlVica  had  not  .leteriorated, 
as  it  yielded  the  full  amount  of  oil  and  albuminoids. 
»  Agric.  Journ.  Union  S.  Africa,  1911,  279. 
0  Cp.  M.  Todi,  Journ.  Soc.  Chan.  Ind.,  1912,  57d. 
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Variety. 

Oil. 

Water. 

Protein. 

Nitrogen 

free 
Extract. 

Crude 
Fibre. 

Ash. 

Austin 
Ito  San 
Kingston  . 
Mammoth  . 
Guolph 

iV±eQ.    iCllUVV         .  • 

Samarow  . 

Per  cent. 

20-  55 
19-19 

18-  96 

21-  03 

22-  72 

19-  78 

20-  23 

Per  cent. 
8-67 
7-42 
7-45 
7-49 

7-  43 

8-  00 
7-43 

Per  cent. 
36-59 

34-  66 

36-  24 

32-  99 

33-  96 

35-  54 

37-  82 

Per  cent. 

24-  41 
27-61 
26-28 
29-36 

25-  47 

26-  30 
23-65 

Per  cent. 

4-  00 

5-  15 
4-79 
4-12 
4-57 

4-  53 

5-  05 

Per  cent. 
5-78 

5-  97 

6-  28 
5-01 
5-85 
5-83 
5-82 

A  fiu-ther  most  important  feature  wHcli  facilitated  the  rapidity 
with  which  the  soya  bean  industry  was  introduced  was  that  the  cakes, 
on  account  of  their  richness  in  albuminoids,  formed  a  very  valuable 
cattle  food,  which  ia  the  commencement  of  the  industry  commanded 
a  higher  price  even  than  cotton  seed  cakes.  It  was  found  that  the 
cakes  were  especially  valuable  in  dauies,  as  the  milk  from  cows  fed 
with  soya  cakes  was  richer  in  milk  fat  than  when  cotton  seed  cakes  or 
even  linseed  cakes  were  used.  Although  in  this  country  a  certain 
reaction  from  the  extravagant  hopes  built  on  this  feature  has  set  in, 
the  export  of  cakes  from  this  country  for  the  dairy  industry  in  Denmark, 
Sweden,  and  Norway  is  very  considerable. 

The  bulk  of  beans  are  expressed  and  the  cakes  sold  as  cattle  food, 
as  stated  already.  Not  inconsiderable  quantities  are,  however,  extracted 
with  solvents  in  order  to  obtain  more  oU  than  can  be  recovered  by 
expression.  This  was  especially  remunerative  when  linseed  and  cotton 
seed  oil  stood  very  high  in  price.  Extraction  must  further  be  resorted 
to  in  the  case  of  beans  which  arrive  in  an  unsound  state.  The  extracted 
meal  is  of  course  only  suitable  as  manure,  although  some  quantities 
are  used  in  the  manufacture  of  compound  cakes  and  have  even  been 
sold  as  such  as  cattle  food  on  the  Continent. 

On  an  average  by  expression  about  12  to  13  per  cent  of  oil  are  re- 
covered.   Extraction  yields  a  larger  quantity. 

The  expressed  oil,  if  prepared  from  thoroughly  sound  seed,  is 
practically  neutral  and  can  find  immediate  employment  for  soap-makmg, 
etc.  If  the  seed  has  become  slightly  mouldy  and  the  oil  contams 
notable  quantities  of  free  fatty  acids,  a  process  of  refining  similar  to  that 
used  for  cotton  seed  oil  is  employed.  For  edible  purposes  the  neutral 
oil  is  bleached  by  filtering  over  fuller's  earth.  Bleached  oil  for 
technical  purposes  is  obtained  by  bleaching  the  crude  soya  bean  oil 
with  chemicals  (see  Chap.  XIII.  p.  30). 

1  The  considerable  quantities  of  soya  beau  available  have  led  to  an  extraordinarily 
large  number  of  proposals  (and  patents)  to  use  tlio  expressed  cake  for  the  most  varied 
alimentary  purposes.  As  this  industry  falls  outside  the  scope  of  tins  work,  it  need  only 
be  pointed  out  that  the  most  exorbitant  claims  were  made  both  as  to  application  of  the 
cake  a.s  food-stulf  and  as  to  advantages  to  be  obtained  therefrom.  It  is  therefore  not 
surprising  to  find  that  ground  cake  is  used  for  adulteration  of  ground  colleu)  to  a 
very  considerable  extent. 
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Soya  bean  oil  contains,  according  to  Matihes  and  Dahle,'^  15  per  cent 
of  palmitic  acid  and  80  per  cent  of  liquid  acids.  The  latter  are  stated 
to  consist  of  about  70  per  cent  of  oleic  acid,  about  24  per  cent  of  linolic 
acid,  and  about  6  per  cent  of  linolenic  acid.  Various  specimens  examined 
in  the  author's  laboratory  gave  from  3  to  5  per  cent  linolenic  hexa- 
bromide  by  the  original  method  described  in  Vol.  I.  p.  475.  It  was, 
however,  required  in  order  to  obtain  this  yield  to  allow  the  bromide  solu- 
tion to  stand  over  night.  For  the  yield  of  hexabrominated  glycerides 
cp.  table,  Vol.  I.  p.  477. 

Eibner  and  Muggenthaler  found  by  their  method  (Vol.  I.  p.  573)  after 
2  hours'  standing  7-2,  after  24  hours'  standing  7-6,  and  after  48  hours' 
standing  7-8  per  cent  of  hexabromide.  A  number  of  determinations 
of  the  linolic  acid  by  means  of  linolic  tetrabromide  made  in  the  author's 
laboratory  (by  Menon  and  by  Link)  led  to  12-20  per  cent  of  linolic 
acid. 

The  imsaponifiable  matter  of  soya  bean  oU  was  shown  by  Matthes 
and  Dahle  ^  to  contain  about  55  per  cent  of  a  crystalline  portion  con- 
sisting of  2-4  per  cent  of  stigmasterol.^  This  stigmasterol  is  undoubtedly 
identical  with  Elobb  and  Block's^  "  soyasterol "  melting  at  169°  C,  and 
about  97  per  cent  of  sitosterol  melting  at  139°  C.  The  liquid  portion  of 
the  unsaponifiable  matter  (45  per  cent)  was  found  to  consist  of  un- 
saturated oxygenated  compounds  (cp.  Vol.  I.  p.  585). 

Soya  bean  oil  has  no  characteristic  colour  reaction.  Stress  may  be 
laid  on  the  fact  that  it  does  not  give  the  Halphen  colour  reaction  which 
is  so  characteristic  of  cotton  seed  oil.  A  few  per  cent  of  cotton  seed 
oU  in  soya  bean  oil  can  be  detected  by  means  of  Halphen' s  test,  as 
has  been  frequently  ascertained  in  the  case  of  soya  bean  oils  adulter- 
ated with  cotton  seed  oil — where  the  market  prices  favoured  such 
adulteration.* 

The  rapid  introduction  of  soya  bean  oil  into  the  commerce  of  the 
world  was  due  to  its  soap-making  qualities,  as  it  just  arrived  on  the 
market  when  a  substitute  for  cotton  seed  oil  was  urgently  requu-ed.  In 
Japan  the  soya  bean  serves,  as  stated  already,  for  the  preparation  of  a 
condiment.  The  cake  refuse  is  used  as  manure.^  Small  quantities  of 
the  oil  are  used  for  lighting  purposes. 

Soya  bean  oil,  standing  midway  between  linseed  oil  and  cotton  seed 
oil  in  its  general  and  special  soap-making  properties,  can  be  used  as  a 
substitute  of  either  of  these  two  oils,  especially  for  soap-maldng  purposes. 
In  the  manufacture  of  soft  soap,  soya  bean  oil  serves  as  an  almost 
complete  substitute  for  linseed  oil.    In  the  manufacture  of  hard  soaps 

1  Archiv.  d.  Pharm.,  1911,  249,  424. 

^  Thi.H  disposes  of  erroneous  stiiterneiit  to  the  contrary  occurring  in  the  litoriiture  of 
this  subject. 

»  null.  Snc.  Chim.,  1907  (4),  i.  422  ;  cp.  also  Wolsch,  Inauff.  Disserl. 

*  h.  Settinj  [Ann.  Lab.  Oabellc,  .19V2  (6),  461)  considers  the  folhawing  reaction  as 
characteristic  Wlion  5  c.c.  are  treated  with  2  c.c.  of  cliloroforni  anil  3  c.c.  of  a 
two  per  cent  aqueous  solution  of  uranium  nitrate,  the  mixture  yields  on  .shaking  an 
intensely  lemon  yellow-coloured  enmlsion. 

°  P- ^Takeuchi,  ./oicrn.  Coll.  Agric.  rmp.  Univ.  Tokyo,  1909,  1,  who  found  a 
urease  "  in  soya  beans,  suggests  its  use  for  tlio  conversion  of  the  nitrogen  of  urea  into 
ammonium  sulphate  for  nianurial  purposes. 
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it  can  replace  cotton  seed  oil  to  some  extent  only,  as  the  soap  is  softer 
than  the  one  made  from  cotton  seed  oil.  i,  , 

Soya  bean  od  from  fresh  beans  yields  a  cheap  edible  oil,  which  has 
to  a  large  extent  replaced  cotton  seed  oil,  and  is  therefore  either  sold 
as  such,  or  in  admixture  with  cotton  seed  oil  as  an  edible  oil. 

When  prices  of  linseed  and  cotton  seed  oUs  were  abnormally  high, 
soya  bean  oH  was  largely  used  for  adulterating  linseed  oU,  and  even  m 
Japan  it  was  used  for  adulterating  Japanese  rape  oil.  It  was  then 
also  employed  extensively  in  the  manufacture  of  "  boiled  oils  (  pamt 
oils  ")  "  blown  oil,"  of  varnishes,  india-rubber  substitutes,  and  also 
in  the'linoleum  industry,  for  by  prolonged  blowing  soya  bean  oil  inti- 
mately yields  a  gelatinous  product  somewhat  resembling  sohdihed 
linseed  oil  in  its  consistence  (cp.  Vol.  III.  Chap.  XV.  "  Solidified  Lmseed 

simples  of  "  boiled  "  soya  bean  oil  examined  in  the  author's  labora- 
tory had  specific  gravities  of  0-9400  to  0-9461. 

Varnishes  from  boUed  oil  prepared  fi'om  soya  bean  oil  do  not  give 
a  satisfactory  skin.  The  drying  takes  place  slowly,  although  the  oxygen 
absorption  of  the  oil  is  somewhat  considerable.  Nevertheless  soya  bean 
oil  cannot  replace  linseed  oil  (as  was  persistently  put  forward  for  some 
time)  as  this  oil  requires  about  four  days  for  drying,  and  even  then  the 

skin  is  still  "  tacky."  ,        ^  ,  ■ 

In  the  United  States  soya  bean  od  has  been  largely  used  for  making 
boUed  od  for  paints.  M.  Toch  ^  states  that  a  drier  of  red  lead  or  lith^^-g 
is  unsuitable  for  soya  bean  oil,  but  good  resdts  are  stated  to^hav  bee^^ 
obtained  with  a  tungate  drier  (see  Vol.  III.  Chap.  XV.  Driers  ) 
with  those  kinds  of  soya  bean  oils  which  have  proved  smtable  for  making 
drying  ods  according  to  the  tests  given  below. 

Cobalt  driers  are,  according  to  Toch,  stdl  more  usehd,  and  «au  even 
be  employed  in  the  treatment  of  those  soya  bean  ods  which  are  not 
W  sSble  in  the  foUowing  tests.  The  characteristics  of  a  soya  bean 
oiuSle  for  making  paint  should  be  {Toch)  :  (1)  when  heating  up  to 
500°  F  for  a  few  minltes  the  oil  should  become  pale  and  remain  so  ; 
(2)  when  the  heated  oU  is  blown  with  dxy  air  from  five  to  seven  hours 
it  should  attain  a  gravity  of  0-960  and  more. 

In  order  to  import  soya  bean  od  free  of  duty  i^^o  AustraUa  the  oU 
must  be  denatured  by  adding  25  gallons  of  commercia  neat  s-foot  od 
rn725  gaC^f  "  300°  test  kerosene  "  to  50  gallons  of  ^oya  bean  od 
or  by  adCs  gaUons  of  terebene  and  5  gaUons  of  turpentine  to 90 gallons 
of  sova  bean  od  or  by  adding  25  gaUons  of  tung  od  to  100  gaUons_  of 

ylTean  oS.    Soya  b'ean  od  Lended  to  be  -d  m  the  ca^^^^^^^^^^ 
indiK^trv  is  allowed  to  be  denatured  by  heating  to  250  b .  toi  halt  an  noui 
S  4  prcenl  of  sulphuric  acid  of  no  less  than  1-77  specific  gravity 

at  60°. 

1  Journ.  Sue.  Chem.  Ind.,  1912,  572. 
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POPPY  SEED  OIL 

French. — Huile  d'ceilleite,  Huile  de  pavot.  German — Mohndl. 
Italian — Olio  di  papavero. 

For  tables  of  characteristics  see  pp.  123,  124. 

Poppy  seed  oil  is  obtained  from  the  seeds  of  the  two  varieties  of 
poppy,  Papaver  somniferum,  L.,  viz.  P.  album  and  P.  nigrum,  D.C., 
by  pressing.  The  plant  is  grown  extensively  in  Asia  Minor,  Persia, 
India,  Egypt,  South  Russia,  and  the  North  of  France  ;  ^  the  seeds  yield 
from  45  to  50  per  cent  of  oil. 

Poppy  seed  is  also  produced  in  Manchuria,  but  owing  to  the  fact 
that  the  seed  is  grown — and  harvested — together  with  some  wild  seeds  ^ 
which  yield  about  16  per  cent  of  a  non-drying  oil,  the  Manchurian  oil 
is  of  very  low  quality,  especially  as  regards  drying  powers.  Poppy  seed 
grown  in  India  and  Burma  contains  44-8-48'6  per  cent  of  oil. 

In  France  a  distinction  is  made  between  huile  d'ceillette  and  huile 
de  pavot.  The  former  is  obtained  from  indigenous,  or  at  any  rate 
European,  poppy  seed,  whilst  huile  de  pavot  designates  oil  obtained 
from  oversea  seed.  Since,  however,  by  far  the  greatest  part  of  ex- 
pressed oUs,  both  of  European  as  also  of  oversea  origin,  is  used  as  a 
table  oil,  all  edible  poppy  seed  oUs  are  termed  huile  d'ceillette. 

By  far  the  largest  quantities  of  poppy  seed  oil  are  crushed  in 
France,  both  in  the  south  (Marseilles)  and  in  the  north,  and  in  Germany. 
The  importance  of  this  industry  may  be  gathered  from  the  following 
figures : — 


Poppy  Seed  aillette. 


Year. 


1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 


French 
Production. 


Kilograms. 
6,201,300 
4,278,400 
6,226,900 
4,368,500 
6,160,300 
5,247,500 
5,676,400 


Import  into 
Prance. 


Kilograms. 
58,300 
58,600 
12,600 
31,600 
11,200 
9,700 
14,100 
11,300 
13,400 
9,300 
2,900 
38,600 


Poppy  Seed  pavot. 


Import  into 
France. 


Kilograms. 
21,912,900 
26,494,900 
28,310,000 
27,2.54,600 
35,249,400 
20,829,400 
26,507,500 
29,158,900 
21,334,900 
25,789,600 
23,347,600 
19,440,300 


Import  into 
Marseilles. 


Kilograms. 
2,973,500 
3,723,300 
5,047,200 
2,997,400 
6,101,600 
3,852,400 
3,481,500 
4,001,500 

2,533,494 
11,000 
2,114,000 


Import  into 
Germany.3 


Kilograms. 
28,749,000 
25,920,000 
31,140,000 
33,030,000 
33,610,000 
34,990,000 
28,961,100 
36,267,800 
23,889,800 
20,345,100 
22,772,300 
29,650,900 


'  With  regard  to  experiments  made  in  Germany  to  produce  poppy  seed  on  a  com- 
mercial scale  cp.  Thoins,  Zeils.  f.  anr/ev>.  Ohem.,  1908  (21),  2208. 

2  A.  V.  Degen  {Zdls.  f.  Unicrn.  d.  NoJirf/s-  u.  Genussm.,  1910,  xix.  1705)  reports  the 
occurrence  of  henbane  .seed  in  conimerciiil  poppy  seed.  .1.  Miiller,  ZeM.  allgcm.  osleiY. 
Apolh.-Ver.,  1912  (50),  22,  states  tliat  such  admixture  occurs  in  Russian  seed  owing  to 
carelessness  in  harvesting  ;  cp.  also  Utz,  (Jhctiu  Revue,  1913,  5. 

'  Mostly  Indian  seed. 
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The  German  imports  for  1911  and  1912  are  given  in  the  following 
table  ;  it  should  be  noted  that  the  imports  under  Tm-key  may  comprise 
some  sunflower  seed  : — 


From 

ion. 

1912. 

Turkey 

3,814 

2183 

India 

13,489 

7178 

China 

1,609 

620 

The  value  of  poppy  seed  exported  fi-om  India  is  set  out  in  the  follow- 
ing table : — 


[Table 
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The  chief  countries  of  origin  of  the  poppy  seed  pressed  in  Marseilles 
are  the  Levant  (Samsoun,  Smyrna,  Alexandrette)  and  India  (Bombay, 
Calcutta).  The  Levant  seeds  are  preferred  to  the  Indian  seeds,  as 
they  yield  a  finer  oil  (cp.  "  Sesame  Oil  "),  and  in  larger  proportion. 
The  Levant  seeds  are  white,  grey,  blue,  or  red,  and  yield,  pressed  twice, 
on  a  large  scale  39  to  40  per  cent  of  oil.  The  Indian  seed,  which  is 
mostly  white  and  only  rarely  red,  yields  36  to  38  per  cent  of  oil  in 
practice. 

The  "  cold-drawn  "  oil,  the  oil  of  the  first  pressing,  is  almost  colour- 
less or  very  pale  golden  yellow  ;  this  is  the  "  white  poppy  seed  oil  "  of 
commerce.  The  second  quality,  expressed  at  a  higher  temperature,  is 
much  inferior,  and  constitutes  the  "  red  poppy  seed  oil "  of  commerce.^ 

Sweet  (fine)  table  oil  is  prepared  by  cold  expression  in  Marseilles 
and  in  the  North  of  France  (in  Lille,  Ai-ras,  Douay,  Cambrai).  The 
cold-pressed  oil  is  filtered  before  being  placed  on  the  market. '  In  some 
of  these  establishments  paper  filters  are  said  to  be  used  even  at  present. 

Poppy  seed  oil  has  little  or  no  odom-  and  a  pleasant  taste,  so  that 
it  is  largely  used  as  salad  oil,  especially  as  it  does  not  easily  turn  rancid. 
The  oil  of  unsoimd  quality,  however,  possesses  an  acrid  taste. 

The  cakes  resulting  as  a  by-product  are  rich  in  nitrogen  and  form 
valuable  cattle  food ;  mouldy  cakes  are  employed  as  manure  for  early 
fruit. 

The  acid  values  of  commercial  samples  vary  fi'om  0-7  to  about  30. 

According  to  Tolman  and  Munson  ^  the  solid  fatty  acids  form  6-67 
per  cent  of  the  total  fatty  acids.  The  Uquid  fatty  acids  in  poppy  seed 
oil  were  stated  by  Hazura  and  Gmssner  to  consist  of  5  per  cent  of  Imo- 
lenic  acid,  65  per  cent  of  linolic  acid,  and  about  30  per  cent  of  oleic  acid. 
Since,  however,  the  Uquid  fatty  acids  yield  practically  no  ether-msoluble 
bromides,  the  quantity  of  linolenic  acid  must  be  much  less  than  stated 
above  Poppy  seed  oils,  obtained  by  extraction  with  petroleum  ether, 
gave,  according  to  Utz,^  much  higher  iodine  values  than  found  hitherto, 
as  the  following  table  shows  : — 


Iodine  Value. 

Refractive  Index. 
At  15°  C. 

Eutyro-refracto- 
meter. 
"  Degrees  "  at  15°  C. 

Indian  poppy  seed  oil 

]  53-48 

1-4772 

78-1 

Levantine  , ,       , , 

157-52 

1-4774 

78-4 

German  ,, 

156-94 

1-4774 

78-4 

The  unsaponifiable  matter  in  poppy  seed  oil  is  small  (about  O-o 
oer  cent),  and  consists  chiefly  of  sitosterol.  The  crude  sitosterol 
recrvstaUised  eight  times  melted  at  136-137°  C.  The  crystallised 
acetate  melted  at  125-5-126°  C.  {Bomer  and  Winter)  No  stigmasterol 
was  found  in  the  unsaponifiable  matter  by  Klamrotli. 

1  Cp  also  L.  Vuallart,  Anncd.  des  Falsific.,  1909,  276. 

2  Jourri.  Amer.  Chmn.  Soc,  1903,  690.         ^.     ,  or 
3  Chem.  ZeiL,  1903,  1177  ;  1904,  257.  ^nauff.  msse.H.  p.  36. 
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Commercial  poppy  seed  oil  is,  as  a  rule,  contaminated  with  small 
quantities  of  sesame  oil,  owing  to  the  seed  being  usually  pressed  in  the 
same  works  in  which  also  sesame  oil  is  produced.  Edible  poppy  seed  oil 
is  at  present  frequently  adulterated  with  sesame  oil  ^  and  also  with 
hazel-nut  oil,  to  improve  the  taste  of  edible  oil  obtained  from  stored 
seed.  Both  adulterants  are  detected  by  the  lower  iodine  absorption  of 
the  sample  ;  the  presence  of  sesame  oil  is  confirmed  by  a  positive 
Baudouin  test.^ 

The  difierentiation  of  poppy  seed  oil  from  walnut  oil  is  of  importance 
in  the  examination  of  white  paints.  The  readiest  means  for  this  purpose 
is  furnished  by  the  bromide  test ;  walnut  oil  yields  from  1-4  to  1-9  per 
cent  of  ether-insoluble  brominated  glycerides,  whereas  poppy  seed  oil 
yields  none.  Poppy  seed  contains  a  larger  proportion  of  solid  acids  ^ 
than  walnut  oU.    (With  regard  to  Bellier's  method  cp.  p.  100.) 

Poppy  seed  oil  is  in  its  turn  fraudulently  added  to  olive  oil ;  the  high 
iodine  value  (unless  masked  by  the  addition  of  lard  oil),  in  conjunction 
with  a  comparatively  high  specific  gravity,  indicate  the  adulteration. 
It  is  also  used  to  adulterate  peach  kernel  oil  (Bennett  *). 

Mixtures  consisting  of  80  parts  of  poppy  seed  oil  and  20  parts  of 
beeswax  are  sold  as  fixing  agents  for  artists'  paints.  A  similar  fixing 
agent  is  made  from  100  parts  of  egg-yolk  (frequently  replaced  by 
egg  albumen)  and  75  parts  of  poppy  seed  oil  [K.  Lupus 

The  best  quaUties  of  oil  are  used  for  edible  purposes,  and  for  the 
preparation  of  the  finest  paints  for  artists.  A  mixtm-e  of  equal  volumes 
of  "  sun-bleached  "  poppy  seed  oil  and  bleached  "  boiled  "  poppy  seed 
oU  is  extensively  used  for  white  pigments  (Lotter^).  A  solution  of 
fused  gum  mastic  and  Japan  wax  in  poppy  seed  oil  is  known  in  commerce 
as  "  wax  oil."  '  On  account  of  the  high  price  of  poppy  seed  oil  only 
the  lowest  qualities,  which  usually  contain  up  to  15  per  cent  of  fi-ee  fatty 
acids,  can  be  employed  for  making  potash  soaps.  With  caustic  soda 
poppy  seed  oil  yields  a  softish  soap,  which  used  to  be  employed  early  in 
the  last  century  to  reduce  excessive  hardness  of  olive  oil  soap.^ 


ASPARAGUS  SEED  OIL" 

French — Huile  d'asperge.    German — Spargelsamenol. 
Italian — Olio  di  asparaghi. 

Asparagus  seed  {Asparagus  officinalis,  L.)  contains  15-3  per  cent 
of  a  fatty  oil  of  yellowish  colour. 

1  Ghem.  ZeiL,  1903,  1177  ;  lOOJ,  257. 

^  Cp.  also  .J.  Royer,  Annal.  des  Fal.iijlc,  1910,  380. 

^  Bellier,  ylriM.  fhim,.  analyt.  1905,  52  ;  Analyst,  1905,  132  ;  Chem.  Ccnlralhl. 

1905,  965  (cp.  Schlegel,  Chan.  Znit.,  1904,  573)  ;  Jown.  Soc.  Chem.  Jnd.,  1905,  459. 
■*  Chemist  and  Druggist,  1908,  89. 

"  German  patents  187,211,  211,674  ;  cp.  also  Bdssenrotli,  Ocnnau  i)atont  246,120. 

"  .Wra.  Soc.  Ohern.  Ind.,  1895,  168. 

'  This  must  not  be  confonndud  with  "Beeswax  Oil." 

"  Such  addition  of  poppy  nil  aoaji  to  olive  oil  soap  was  then  considered  to  constitute  a 
Claud  !    Cp.  Lewkowitscli,  BulL.  dc  Ui,  ,Soc.  chimiqvede  France,  Conference,  1909,  xxxii. 
°  W.  E'eters,  Arch.  d.  I'harm.,  1902,  53. 
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OHAP. 


Specific  Gravity 
at  15°  C. 

Saponiflcation  Value. 

Iodine  Value. 

Butyro-refractometer. 
"  Degrees  "  at  25°  C. 

0-928 

194-1 

137-1 

75 

On  exposure  to  the  atmosphere  in  a  thin  layer  the  oil  dries  to  a  hard 
varnish-like  mass. 

The  glycerides  in  asparagus  seed  oil  consist  of  palmitin,  stearin, 
olein,  and  Unolin.  The  presence  of  olein  and  linolin  was  proved  by 
identifying  among  the  oxidation  products  of  the  liquid  fatty  acids  : 
dihydroxystearic  acid  and  sativic  acid.  It  is  very  Likely  that  hnolenic 
acid  also  occurs  ia  the  oil. 


AMOORA  OIL 

French — Huile  d'Amoora.  German — Amooraol,  Immergrunbaumol. 
Italian — Olio  di  Amoora. 


Physical  and  Chemical  Characteristics  of  Amoora  Oil 


Specific 
Gravity. 

Saponifica- 
tion Value. 

Iodine 
Value. 

Reiehert- 
Meissl 
Value. 

Refractive 
Index. 

Viscosity. 

Insoluble 
Acids -f 
Unsaponi- 
fiable. 

At  15°  0. 
(water  at 
15-5=1). 

Mgrnis. 
KOH. 

Per  cent. 

c.c.  ^  nonn. 
KOH. 

Butyro-re- 
fractometer. 
At  40°  C. 
"  Degrees." 

Number  of 
Seconds. 
At  70°  F. 

Per  cent. 

0-9386 

189-7 

134-86 

1-64 

64-5 

375-8 

93-23 

This  oH  is  expressed  in  Bengal  from  the  seeds  of  Amoora  Rohituka 
{Aphanamixis  Rohituha,  Roxb.),  Pierre  (Evergreen  tree).  It  is  a  clear, 
reddish-brown  oil,  and  has  a  sUght  odour,  resembling  that  of  linseed  oil. 
The  specimen  examined  by  Crossley  and  Le  Sueur  ^  had  the  acid  value 
17-03.    The  insoluble  acids  and  unsaponifiable  amounted  to  93-23  per 


The  oU  is  used  by  the  natives  medicinally  and  also  as  a  burning 


MANIHOT  OIL  ^—CEAEA  RUBBER  SEED  OIL 

■piexich.— Huile  de  manihot.  Gevmsin—Manihotdl. 
Italian — Olio  di  manihot. 

For  table  of  characteristics  see  p.  128. 

This  oil  is  obtained  from  the  seeds  of  Manihot  Glaziovii,  Miill.  Arg., 
a  Euphorbiacea,  known  as  an  india-rubber-yieldmg  tree.  According 

1  Juurn.  Soc.  Uhem.  Tnd.,  1898,  991. 
2  Feudlei-  and  Kulin,  Berichte  d.  dmUch.  Pharmac.  Gesellschaft.  1905  (xv.  4-0. 
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to  Wildemaim  there  are  several  species  of  Manihot  Glaziovii,  of  which 
two  at  least  must  be  recognised  as  true  species,  viz.  Manihot  ceara  and 
Manihot  Jequie?  (These  species  of  Manihot  must  not  be  confounded 
with  Manihot  dulcis  {M.  utilissima),  the  root  of  which  yields  tapioca.) 

The  botanical  name  of  the  "  Jequie  "  Manihot  (a  tree  occurring  in 
the  south-east  of  Bahia  ^  in  the  neighbourhood  of  the  town  of  Jequie)  is 
Manihot  dichotoma,  Ule.  The  Manihot  tree  is  indigenous  to  Ceara 
(Brazil)  and  is  now  cultivated  in  East  *  and  West  Africa.  Ceara  rubber 
trees  were  the  first  to  be  tried  in  Ceylon  as  an  india-rubber -yielding 
culture,  but  all  trees  have  now  disappeared,  having  been  replaced  by 
Hevea  trees  (see  p.  129).  The  seeds  have  a  very  hard  shell  and  simulate 
in  size  ordinary  hazel  nuts.  The  seeds  obtained  by  Fendler  and  Kuhn 
from  Liadi,  East  Africa,  contained  25  per  cent  of  kernels  and  74-5  per 
cent  of  husks.  The  total  seeds  yielded  9-94:  per  cent  of  oil,  8-98  per  cent 
being  fm-nished  by  the  kernels  and  0-96  per  cent  by  the  husks. 

Seeds  obtained  by  Rideal  and  Acland,^  also  from  East  Africa, 
weighed  on  an  average  about  half  a  grm.  each,  and  consisted  of  45-3 
per  cent  of  kernel  and  54-7  per  cent  of  shell.  The  total  seed  yielded 
15-75  per  cent  of  oU,  the  kernel  alone  yielding  35  per  cent.  The  seeds 
contain  no  cyanogenetic  glucoside,  in  contradistinction  to  the  seeds 
yielding  Manihot  oil  and  Para  rubber  tree  seed  oil. 

The  oil  is  yellowish-green ;  its  odour  resembles  that  of  olive  oU. 
Its  taste  is  slightly  bitter.    The  specimen  examined  by  Fendler  and 
Kuhn  had  the  acid  value  2-18,  and  contained  0-9  per  cent  unsaponifiable . 
matter.    The  specimen  examined  by  Rideal  and  Acland  was  fresher 
still,  as  the  acid  value  was  0-6  only. 

In  the  Livache  test  the  following  numbers  were  found  by  Fendler 
and  Kuhn  : — 


These  figures  notwithstanding,  the  oil  spread  in  a  thin  layer  over  a 
glass  dried  only  after  the  lapse  of  a  few  weeks.  At  a  temperature  of 
55°  C,  however,  the  drying  was  complete  after  ten  hours.  In  Brazil 
the  expressed  oil  is  used  as  a  substitute  for  linseed  oil. 

The  fatty  acids  contain  {Fendler  and  Kuhn)  about  10-97  per  cent 
solid  acids  (of  m.p.  54°  C.)  and  89-03  per  cent  (evidently  found  by 
difference)  liquid  fatty  acids. 

'  Le  CaoutchuG  el  la  Oulta-pcrcha,  1906,  iii.  456. 
Other  iiirlia-rubber-yielding  species  of  Manihot,  ure — M.  hcplaphi/Ua,  Ule  (8ao 
Franci.sco  Manihot)  ;  M.  pianhyemis,  Ulo  (Piaiihy  Maniliot)  ;  M.  violacca,  Miill.  Arg.  ; 
Ihlni.ma  Teiasonieri,  A.  Chov.  (;!/.  Teissonieri,  A.  Cliov.). 

Witli  regard  to  attem|)t,s  to  cultivate  tlic  Jequie  variety  cj).  A.  ZiMinierniaini, 
IJer  Pjlnmxr,  1907,  iii.  167  ;  1908,  iv.  193  ;  '265. 

Cp.  E.  MarcUwald,  iMr  Trnpcnj'Jlanzcr,  1912,  225. 
"  Analyst,  1913,  259. 


Increase  in  Weight  after 

2  days 

3  „ 


Per  cent. 


5 
6 
7 


0-82 
5-79 
8-33 
8-36 
8-41 
8-88 
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Physical  and  Chemical  Characteristics  of  Manihot  Oil 


Specific 
Gravity  at 
15°  C. 

Solidifying 
Point. 

Melting 
Point. 

Saponifica- 
tion Value. 
Mgrms. 
KOH. 

Iodine 
Value. 
Per  cent. 

Refractive  Index. 

Observer. 

Butyro-refracto- 
meter. 

0-9258 

0-9238 
» 

°C. 
Turbid 
at  4 

°C. 
Below 
-17 

188-  6 

189-  1 

137-0 
135-137 

At°C. 
40 

15 

"  Degrees  " 
62-9 

1-475 

Eendler 
and  Kuhn 
Rideal 

and 
Acland 

Physical  and  Chemical  Characteristics  of  the  Insoluhle  Fatty  Acids 


Insoluble 
Fatty  Acids 
-1-Unsaponi- 
flable. 

Specific 
Gravity  at 
25°  C. 

Solidifying 
Point. 
'C. 

Melting 
Point. 
°C. 

Neutralisa- 
tion 
Number. 

Saponifica- 
tion 
Number. 

Iodine 
Value. 

Observer. 

0-8984 

20-5 

23-5 

197-6 

200-1 

143-1 

Fendler 
and  Kuhn 

Liquid 
Fatty 
Acids. 

95-1 1 

163-6 
162-5, 

Rideal 

and 
Acland 

PUNTXJMIA  OIL 


The  seeds  of  Funtumia  elastica  (wild  rubber  from  the  West  Coast 
of  Africa)  are  small  and  pointed  at  the  ends.  100  seeds  weigh  4-8 
grms.  The  husks  are  very  thin  and  soft,  so  that  decortication  of  the 
seeds  would  be  unnecessary  for  pressing.  Seeds  from  the  Ivory  Coast 
gave  20  per  cent  of  a  clear  dark  yellow  oil  {Hebert  whereas  Rideal 
and  Acland  ^  obtained  31-33  per  cent.  On  cooling,  a  brownish  white 
"  stearine  "  is  deposited  which  melts  at  47°  C.  to  a  clear  brown  Hquid. 
The  seeds  contain  a  cyanogenetic  glucoside  (cp.  Para  rubber  tree  seed 
oil)  The  oil  was  found  sUghtly  dextro-rotatory,  presumably  owmg 
to  the  presence  of  an  alkaloid.  The  foUowing  characteristics  were 
found  : — 


'  1913  259  Oaoulch.  el  Outla-Percha,  1912,  6232. 

'       '      3  Analyst,  1913,  259. 
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Rideal  and  Acland. 

Hubert. 

Saponification  value  .... 

Refractive  index  at  15°  .... 

Fatty  Acids — 

Insoluble  fatty  acids +unsaponifiabIe 

Iodine  value  of  liquid  acids  . 

0-  9320 
185 

138 

1-  4788 

95-1  per  cent 
88-9 
175-5 

0-9290  at  15°  C. 
139 

Otlier  characteristics  given  by  Hebert  are  omitted  here,  as  they 
cannot  be  correct. 


PARA  RUBBER  TREE  SEED  OIL — RUBBER  SEED  OIL 

French — Huile  de  siphonia  elastica,  Huile  d'Hevea.  German — Para- 
hautschuhhaumsamenbl,  Paragummihaumol.  Italian — Olio  {d'  albero) 
di  cacciu. 

For  tables  of  characteristics  see  p.  130. 

This  oil  is  obtained  from  the  kernels  of  the  para  rubber  tree,  Hevea 
brasiliensis,  Miiller  Arg.,  a  native  of  the  Amazon  basin  in  Brazil.  The 
nuts  contain  about  50  per  cent  of  kernels.  They  also  contain  a  power- 
fully acting  lipolytic  enzyme  {Imperial  Institute)  and  a  cyanogenetic 
glucoside  resembling  phaseolunatin.-'-  Several  samples  of  seeds 
examiaed  in  the  Imperial  Institute  yielded  about  0-048  per  cent  of 
prussic  acid  ^  (cp.  "  Linseed  Oil,"  p.  57) ;  hence  the  resulting  cake 
would  furnish  about  0-09  per  cent  of  prussic  acid- 

The  kernels  yielded  to  petroleum  ether  42-49  per  cent  of  oil.^ 
Schroeder  *  obtained,  also  with  petroleum  ether,  27-5  per  cent  only  of 
oil.  On  extracting  the  kernels  on  a  large  scale  with  ether  24-32  per 
cent  of  oil  were  recovered.  Whereas  the  oil  extracted  with  petroleum 
ether  was  pale  yeUow,  the  ether-extracted  oil  represented  a  deep  green 
semi-solid  oil  from  which,  at  15°  C,  solid  glycerides  separated.  On 
warming  to  26°  C.  the  oil  became  completely  fluid ;  on  cooling,  solid 
glycerides  again  separated  at  21°  C.  A  notable  difference  between  the 
oil  extracted  with  petroleum  ether  and  the  oil  extracted  with  common 
ether  is  shown  in  the  iodine  values  (compare  table).  The  acid  value  of 
the  ether-soluble  sample  was  57-4,  its  acetyl  value  27-9,  and  the  pro- 
portion of  unsaponifiable  matter  0-705  per  cent. 

Amongst  the  fatty  acids  stearic  and  palmitic  acids  were  identified. 

The  oil  is  of  a  light  yellow  colour  ;  in  its  odour  it  resembles  linseed 
oil.    On  exposure  to  the  atmosphere  in  a  thin  layer  it  dries  to  a  clear 

'  Dunstan,  Proc.  Ohem.  Soc,  1907,  168. 
^  Hunry  and  Anld,  Journ.  Soc.  Chem.  Tnd.,  1908,  128. 
^  null.  Imp.  Inst.,  1903,  1.^.6.  "  Arch.  d.  Pharm.,  1905  (243),  637. 
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transparent  film.  A  specimen  examined  in  the  Imperial  Institute 
contained  54  per  cent  of  free  fatty  acids. 


Physical  and  Chemical  Characteristics  of  Para  Rubber  Tree  Seed  Oil 


Specific  Gravity. 

Saponification 
Value. 

Iodine  Value. 

Observer. 

°C. 
15 
20 
15 

(water  at 
15°=  1) 

0-9302 
0-9232 
0-9239 

206-1  1 

198-1 

185-6 

128-31  127-71 
117-6  2 
133-3 

Imperial  Institute 
Schroeder 
Pickles  and 
Hayworth  ^ 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids- 


Insoluble  Acids 
+Unsaponitlable. 

Melting  Point. 
Titer  Test. 

Mean  Molecular 
Weight. 

Iodine  Valvie. 

Observer. 

9506 
96-4 

33 

293-3 

127-3 

Schroeder 
Pickles  and 
Hayworth 

Liquid  Fatty  Acids. 

154-2 

Lewkowitsch 

The  fatty  acids  of  the  oU  consist,  according  to  S.  Pickles  and  W-  P- 
Hayworth,  of  about  14  per  cent  saturated  (solid)  acids,  stearic  acid 
(melting  point  69°  C),  and  an  acid  or  mixtm-e  of  acids  melting  at  56-5° 
C.  The  86  per  cent  of  unsaturated  (liquid)  acids  are  stated  to  consist 
of  32-6  per  cent  of  oleic  acid,  50-9  per  cent  of  linolic  acid,  and  2-5  per 
cent  of  linolenic  acid. 

The  manufacture  of  a  dryiag  oil  from  the  seeds  was  up  to  recently 
entirely  out  of  the  question,  as  the  seeds  were  all  required  for  planting 
purposes  in  the  then  rapidly  developing  Para  rubber  industry  in  Bast 
India,  Federated  Malay  States,  Borneo,  and  East  Africa.  According 
to  a  reliable  estimate,*  made  in  1907,  there  were  in  Ceylon  45,000  acres 
under  crop  ;  taking  175  plants  to  the  acre,  this  leads  to  7,875,000  plants 
of  various  ages. 

Since  the  productive  plantations  in  the  East  have  become  very 
extensive,  a  larger  supply  of  seeds  is  available  and  their  export  for 
purposes  of  oil  production  may  increase,  especiaUy  so  as  the  vitality 

1  Extracted  with  petroleum  ether. 

2  Extracted  with  ether. 

■*  Aiialvsl,  1911,  491.  .  „  ^  ,  r  /■       i-     a-  torn: 

*  Ceylon  Handbook  and  Directory  and  Compendium  of  Useful  formation  fm_  1906- 

1900,  compiled  aud  edited  by  J.  Ferguson.    Colombo  :  A.  and  J.  Kergu.sou  ;  reviewed  m 

Bull.  Imp.  Inst.,  1906,  vol.  iii.  No.  4,  p.  384. 
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of  the  seeds  for  production  of  seedlings  is  very  feeble.  The  high  prices 
of  linseed  oil  ruling  recently  stimulated  the  collection  of  seeds,  and  large 
parcels  were  sent  to  this  country.  The  cost  of  collecting  has  been 
estimated,  in  an  Official  Report  of  the  Director  of  Agriculture  for  the 
Federal  Malay  States,^  to  amount  to  Is.  Id.  for  1000  seeds ;  the  cost 
of  collecting  and  shelling  1  ton  of  kernels  (414,400  seeds)  would  amount 
to  nearly  £3.  It  is  further  estimated  that  one  ton  of  kernels  could  be 
delivered  in  this  country  at  a  cost  of  about  £6  :  10s.  In  view  of  the 
presence  of  a  cyanogenetic  glucoside  the  cakes  would  most  likely  be 
unsuitable  for  feeding  cattle,  and  hence  would  have  to  be  used  as  manure. 


MELIA  AZEDARACH  OIL  ^ 

French — Huile  de  Melia  Azedarach.  German — Meliaol. 
Italian — Olio  di  Melia. 

This  oil  is  obtained  from  the  seeds  of  Melia  Azedarach,  L.  (Persian 
lilac  ;  Bead  tree  ;  "  Laurier  grec  "  ;  "  LiJas  des  Indes  "  ;  Sykomore 
which  contain  39-36  per  cent  of  oU.    The  total  amount  of  oil  obtainable 
from  the  fruits  is  4-62  per  cent.    This  oil  must  not  be  confounded  with 
Margosa  oil,  from  Melia  AzadiracMa,  L.  (see  "  Vegetable  Fats  "). 


Specific 
Gravity  at 
15°  C. 

Solidifying 
Point. 
°  C. 

Melting 
Point. 
°  C. 

Saponilica- 
tion  Value. 

Iodine 
Value. 

Reichert- 
Meissl  Value. 

Refractive 

Index. 
Butyro-re- 
fractonieter. 
"  Degrees." 

0-92.35 

-12° 

-3 

191-5 

135-6 

0-77 

At  40°  C. 
65-1 

Solidifying  point  of  the  fatty  acids        .  .  .19°  C. 

Melting  point  of  the  fatty  acids  .  .  .22°  C. 


CROTON  ELLIOTIANUS  OIL  ^ 

The  seeds  of  Croton  Elliolianus  furnished  an  oil  having  the  following 
characteristics  :— 


Specific  gravity  at  15°  C   0-9266 

Saponification  value      .....  201-5 

Iodine  value        .         .         .         .         .         .  138-5 

Insoluble  acids-]- unsaponifiable  .         .         .94  per  cent 

Titer  Test  13-7°  -  13-8°  C, 

The  specimen  had  the  acid  value       .         .         .  4-24 


The  above  numbers  show  that  this  oil  differs  considerably  from 
the  ordinary  croton  oil,  which  is  derived  from  Groton  Tiglium,  L. 


*  Bull.  Imp.  In.lL,  1911,  36. 
^  Watt,  Dictionary,  v.  p.  223. 


2  Fendler,  Apothchir  Zeit.,  1904,  55. 
■*  Dull.  Imp.  Inst..,  1907,  237. 
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HENBANE  SEED  OIL  ^ 

French. — Huile  de  jusquiame.  German — Bilsenkrautsamendl. 
Italian — Olio  di  giusquiamo. 

Henbane  seed  oil  is  obtained  from  tbe  seeds  of  Hyoscyamtis  niger,  L. 
The  seeds  yield  about  35  per  cent  of  oU. 

The  oil  is  yellow,  slightly  fluorescent,  somewhat  viscous,  and  dries 
readily. 


Physical  and  Chemical  Characteristics  of  Henbane  Seed  Oil 


Specific  Gravity 
at  15°  C. 

Saponification 
Value. 

Iodine  Value. 

Roichert-Mei.s.sl 
Value. 

Insoluble  Acids 
+Unsaponiliable. 

0-939 

170-8 

138 

0-99 

Per  cent. 
94-7 

Recently  Utz  ^  examined  a  specimen  of  a  commercial  henbane  seed 
oil,  the  characteristics  of  which  varied  widely  from  those  given  above, 
the  iodiae  value  being  118-7,  and  the  saponification  value  219-9,  although 
its  Reichert-Meissl  value  was  only  1-1.  A  specimen  of  oU  prepared  by 
Utz  from  the  seed  had  an  iodine  value  131-3  and  the  remarkably  high 
saponification  value  233-3.  The  Reichert-Meissl  value  of  this  specimen 
of  oil  was  not  determined.    Its  refractive  index  at  15°  was  1-4788. 


MILLET  SEED  OIL 

French — Huile  de  millet.  German — Hirsenol.  Italian — Olio 
di  miglio  ;  Olio  di  panico. 

Fahris  and  Settimj  ^  obtained  by  extraction  of  the  powdered  grains 
of  millet  {Panicum  italicum)  with  ether,  3-5  per  cent  of  a  turbid  oil. 
The  filtered  oil  is  brownish-yellow;  its  odour  resembles  that  of  oils 
from  cereals.  It  is  insoluble  in  cold  absolute  alcohol,  but  dissolves 
in  boiling  absolute  alcohol. 

The  following  characteristics  were  determined  : — • 

OiZ— 

Specific  gravity  at  15°  C. 
Solidifying  point 
Saponification  value 
Iodine  value      .         .         .  • 
Butyro-refractometer  "  degrees  "  at  25°  C. 
Maumend  Test  . 


-  6°  to  -  7°  C. 
183-8 
130-4 
70 

67-5°  C. 


1  Mjiien,  Arch.  d.  Pharm.,  1896,  234. 

2  Chem.  Jiemie,  1913,  5. 


3  AM  del  vi.  Oongresso  inlernaz.  di  chimica  applicata,  Roma,  1907,  v.  754  ;  cp. 
also  G.  Kassner,  Berichie,  1887,  Ref.  558. 
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Fatly  Acids — 

Insoluble  acids +unsaponifiable 
Solidifying  point 

Melting  point  .... 
Iodine  value  .... 
Iodine  value  of  the  liquid  fatty  acids 

The  inLxed  fatty  acids  consisted  of  84-5  per  cent  of  liquid  and  15-5  per 
cent  of  solid  fatty  acids.  With  regard  to  "  Millet  OH  Acid  "  see  Vol.  I. 
Chap.  III. 


95-5  por  cent 
.    19°  to  20°  C. 
.    26°  to  27°  C. 
.  134-3 
.  146-3 


NIGER  SEED  OIL 

French — Huile  de  Niger.  German — Nigerdl. 
Italian — Olio  di  Niger. 

For  tables  of  characteristics  see  p.  134. 

Niger  seed  oil  is  obtained  fi-om  the  seeds  (more  correctly  the  achenes) 
of  Guizotia  abyssinica  (L.),  Cass.  [Guizotia  oleifera,  D.C.),  a  plant 
belonging  to  the  CompositcB.  It  is  indigenous  to  Abyssinia,  and  largely 
cultivated  not  only  in  East  Africa,  but  also  in  the  East  and  West  Indies. 
Attempts  had  also  been  made  to  grow  it  in  Germany.  The  fruits  are 
small,  have  a  tooth-like  shape,  and  are  shining  black  in  colour.  The 
seeds  contain  from  40  to  45  per  cent  of  oil.  According  to  Ednig,  the 
seeds  have  the  following  average  composition  : — ■ 

Per  cent. 

Oil  43-08 


Water 

Albuminoids 
Crude  fibre  . 
Ash  . 
Extractive  substances 


6-72 
19-42 
14-38 

3-54 
12-86 


The  oil  (which  first  came  into  the  English  market  in  1851)  is  yellow 
and  has  a  nutty  taste.  Four  specimens  of  East  Indian  oils  examined 
by  Crossley  and  Le  Sueur  ^  had  acid  values  ranging  fi-om  5-21  to  11-69  ; 
three  samples  were  optically  inactive  ;  the  fourth  showed  very  slight 
dextro-rotation.  . 

_  Niger  seed  is  crushed  in  Hull  and  in  Marseilles ;  it  is  frequently  pressed 
twice.  If  the  seed  is  first  pressed  in  the  cold,  it  yields  an  edible  oil. 
The  oil  of  second  expression  is  richer  in  free  fatty  acids  and  is  therefore 
used  in  soap-making  and  as  a  substitute  for  linseed  oil,^  and  also  for 
adulterating  rape  oil.  The  best  qualities  are  employed  as  edible  oil." 
It  IS  largely  used  in  India  by  the  poorer  classes,  especially  in  the  Deccan, 
as  a  substitute  for  ghee  (butter  fat), 

'  /owni.  Soc.  Chem.  fnd.,  1898,  991. 

^  According  to  F.  Fritz,  Niger  oil  wns  tried  as  a  substitute  for  linseed  oil  in  the 
manufacture  of  linoleum  when  the  prices  of  linseed  oil  were  almonnally  high.    It  is 
stated  that_  Niger  oil  is  easily  oxidised  by  blowing  with  air.    For  the  manufacture  of 
ijoiled  oil    as  a  substitute  for  "  boiled  linseed  oil,"  it  is  less  suitable  than  soya  bean  oil 
Joimi.  Soc.  Chem.  Ind.,  1905,  358. 


134 


GLYCERIDES  DRYING  OILS 


CHAP. 


o 

"S 


CO 
g 


O 

CO 

Oh 


o 


CD 

a 


.a 
O 


3 
Si 


<  o  . 

a  + 


giro 
&  3 


Per 
cent. 

64-11 

Observer. 

d 

00 

si  (D 

to 
Bg 

O  (D 

,  o 

m  O 

O  n 


XIV 


SUNFLOWER  OIL 


135 


SUNFLOWER  OIL 

French — Huile-  de  tournesol.  German — Sonnenblumendl. 
Italian — Olio  di  girasole. 

For  tables  of  characteristics  see  p.  136. 

Sunflower  oil,  obtained  from  the  (achenes)  seeds  of  Helianthus 
annuus,  L.,  is  a  pale  yellow  oil  of  mild  taste  and  pleasant  smell.  The 
sunflower  plant  is  a  native  of  Mexico  and  is  now  largely  cultivated  for 
its  oleaginous  seeds  in  Russia,  Hungary,  India,  and  China. ^  The 
Hungarian  ^  kernels  are  richer  in  oil  than  the  Russian.  The  Hungarian 
seeds  consist  of  45-52  per  cent  of  kernels,  and  48-55  per  cent  of  husks. 
The  kernels  contain  36-6  to  53  per  cent  of  oil.  On  a  practical 
scale  28-30  per  cent  of  oil  are  recovered.  The  Russian  seeds  yield 
only  23  per  cent  of  oil.  The  cake  contains  from  8  to  10  per  cent  of 
oil,  and  is  said  to  form,  owing  to  its  easy  digestibility  and  fattening 
properties,  a  valuable  cattle  food,  comparable  in  this  respect  with 
linseed  oil. 

Attempts  made  in  the  United  States  to  grow  the  plant  for  com- 
mercial purposes  (to  prepare  edible  oil)  have  not  proved  satisfactory ; 
the  cultivation  of  the  plant  as  an  oil-producer  has  therefore  been 
abandoned. 

Experiments  have  also  been  made  in  India ;  but  it  was  found 
that  sunflower  is  too  costly  to  be  grown  there  ^  as  an  oil-seed  crop. 
Greater  success  appears  to  have  attended  the  experiments  made  by  the 
Cape  Agricultural  Department.  In  some  cases  a  yield  of  3250  lbs.  of 
seed  was  obtained  per  acre  ;  it  is  therefore  proposed  to  undertake  the 
cultivation  of  sunflower  for  its  seed  on  a  commercial  scale.* 

The  cold-drawn  oil  is  clear  and  limpid.  On  hot  pressing,  the  oil 
dissolves  a  considerable  quantity  of  mucilaginous  substances,  similar 
in  composition  to  the  mucilage  in  linseed  oil  (see  p.  59),  which  separate 
out  on  cooling.  Hence,  the  hot-pressed  oil,  if  required  as  burning  oil, 
etc.,  must  be  refined.  This  is  done  with  sulphuric  acid,  in  the  same 
manner  as  rape  oil  is  refined. 

Sunflower  oil  contains  from  0-31  to  0-72  per  cent  of  unsaponifiable 
matter.  The  liquid  fatty  acids  consist  chiefly  of  linolic  acid,  oleic  acid 
being  present  in  small  quantities  only. 

'  In  the  primitive  mills  of  iVIancliiiria  (cp.  "  Soya  Beau  Oil  ")  26-27  per  cent  of  oil 
are  olitained  by  expression  and  43-46  per  cent  of  cakes,  retaining  8-12  per  cent  of  oil. 
This  favourable  technical  result  is  duo  to  the  jjounded  seed  being  left  in  the  wedge 
presses  for  more  than  twelve  hours. 

*  R.  Windisch,  Landw.  VcrsuckssL,  1902,  305. 

'  U.  Hooper,  The  Agrimlt.  Lulger,  1907,  No.  1. 

■*  Cape  Agricult.  Journ.,  1908  (25),  85,  through  Ihdl.  Imih  InsL,  1908,  84. 
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This  oil  dries  more  slowly  than  the  above-described  djying  oils. 
The  absorption  of  oxygen,  according  to  Hiibl's  method,  using  copper 
powder  as  an  oxygen  carrier,  takes  place  at  the  following  rate  : — 


Absorption  of  Oxygen. 

After  2  days. 

After  7  days. 

After  30  days. 

Sunflower  oil  

Suuflower  oil  fatty  acids  . 

Per  cent. 
1-97 

0-85 

Per  cent. 
5-02 

3-56 

Per  cent. 
6-3 

The  sunflower  is  now  chiefly  cultivated  in  Southern  Russia,  ^  where 
the  "  cold-drawn  "  oil  serves  for  culinary  purposes.  Such  oil  is  used 
in  Russia  in  the  manufacture  of  margarine  (J olles  ^).  The  hot-expressed 
oil  is  employed  in  soap-making  (soaps  for  textile  purposes).  Unless 
the  oil  contains  a  high  proportion  of  free  fatty  acids  it  is  unsuitable 
for  soap-making  by  the  cold  process  (Lewkowitsch) .  It  is  also  used 
for  the  manufacture  of  Russian  varnishes,  and  as  a  burning  oil. 

The  extent  of  the  sunflower  seed  and  sunflower  oil  industry  in 
Russia  may  be  gathered  from  the  fact  that  in  the  northern  Caucasus  » 
from  50,000  to  60,000  tons  of  sunflower  cake  are  stated  to  have  been 
produced  during  the  year  1906.  Most  of  the  cake  is  sent  to  Denmark 
and  Sweden,  and  the  estimation  in  which  the  feeding  properties  of  this 
cake  are  held  may  be  gathered  from  the  fact  that  the  price  the  cake 
realised  was  between  that  of  linseed  cake  and  cotton  seed  cake.  Smaller 
quantities  of  cakes  are  used  in  this  country  in  the  production  of  com- 
pound cakes.  Sunflower  oil  is  now  obtainable  in  this  country  in 
considerable  quantities,  being  refined  on  a  commercial  scale  in  Hull. 
The  seed  stalks  of  the  plant  are  burnt,  and  the  carbonate  of  potash, 
which  the  ashes  yield  in  considerable  quantity,  is  exported.  It  is 
stated  that  in  the  year  1905,  2000  tons  of  crude  carbonate  of  potash 
from  this  source  were  exported  from  the  Caucasus. 

According  to  an  official  report  there  existed  in  1911  in  the  Kuban 
district  550  oil  mills  producing  sunflower  oil  valued  at  £1,400,000. 
The  chief  places  of  production  are  Jekaterinodar,  Armawir,  and  Maikop. 


YELLOW  ACACIA  OIL* 


French — Huile  d'acacia  jaune.  German — Gelb-AJcaziendl. 
Italian — Olio  di  acacia  gialla. 

The  seeds  of  the  yellow  acacia,  Caragcena  arborescens,  Lam.,  largely 
cultivated  in  South  Russia,  yield  124  per  cent  of  oil  on  extraction  with 
petroleum  ether.  The  unsaponifiable  matter  in  the  oil  amounts  to  only 
0-14:  per  cent. 

1  Journ.  Soc.  Qhem.  Ind.,  1892,  470.  ^  Il>id.,  1893,  935. 

"  Kuban  district. 

*  Valentin  Jones,  MM.  k.  k.  technolog.  Oewerhc- Museums,  1903,  223. 
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Physical  and  Chemical  Characteristics  of  Yellow  Acacia  Oil 


Saponification  Value. 

Iodine  Value. 

Reichert-Meissl  Value. 

190-6 

128-9 

2-7 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


In.soluble  Acids 
+  Unsaponifiable. 

Neutralisation  Number. 

Mean  Molecular  Weight. 

Iodine  Value. 

93-94 

199-0 

280-9 

131-7 

By  means  of  the  lead-salt-ether  method  8-74  per  cent  of  "  solid  " 
fatty  acids  were  obtained.  Amongst  these  were  identified  palmitic, 
stearic,  and  erucic  acids.  The  liquid  fatty  acids  consisted  of  oleic  and 
linolic  acids.  The  less  pronounced  drying  power  of  this  oil,  as  compared 
with  white  acacia  oil,  is  explained  by  the  absence  of  linolenic  acid. 


SERVICE  BERRY  OIL — MOUNTAIN  ASH  BEERY  OIL 

French — Huile  de  sorbier  sauvage.  German — Vogelbeerendl. 
Italian — Olio  di  sorba  salvatica. 

The  seeds  of  Sorbus  aucuparia,  L.  (Service  Berry  contain  21-9 
per  cent  of  a  fatty  oil,  which  has  a  sweetish  taste,  is  slightly  yellowish, 
and  dries  on  exposure  to  the  air. 

10  grms.  of  the  seeds  freed  from  oU  gave  7-29  mgrms.  hydrocyanic 
acid.    The  oil  had  the  following  characteristics  : — 


Specific  gravity  at  15°  C.      .         .         .         .         .  0-9137 

Refractive  index  at  15°  C.    .         .         .         .         .  1-4753 

Saponification  value   ......  208-0 

Iodine  value    .......  128-5 

Iodine  value  of  the  insoluble  fatty  acids    .         .         .  127-5 

Neutralisation  value  of  the  insoluble  fatty  acids  .  230-2 


CELOSIA  OIL  ^ 

French — Huile  de  Celosia.  German — Celosiaol. 
Italian — Olio  di  celosia. 

This  oil  is  obtained  from  the  seeds  of  Celosia  cristata,  L.,  a  plant 
indigenous  to  the  East  Indies  and  China  ;  it  is  a  greenish-brown  drying 
oU. 

1  L.  van  Itallie  and  C.  H.  Nieuwlaiid,  Arch.  d.  Pharm.,  1906  (244),  164. 
2  j)g  Negri  and  Fabris,  Chem.  Zeil.  Rep.,  1896,  161. 
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Physical  and  Chemical  Characteristics  of  Celosia  Oil 


Solidifying  Point. 

Saponification  Value. 

Iodine  Value. 

-  10°  C. 

190-5 

126-3 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Solidifying  Point. 

Melting  Point. 

2r-19°  C. 

27°-29°  C. 

ARGEMONE  OIL  ^ 

Frencti — Huile  de  pavot  epineux.  German — Argemonedl. 
Italian — Olio  di  argemona. 


Physical  and  Chemical  Characteristics  of  Argemone  Oil 


Specific  Gravity. 

Saponification 
Value. 

Iodine  Value. 

Beicliert-Meissl 
Value. 

Refractive 

Index. 
At  40°  C. 

Viscosity  in 
Redwood's  Vis- 
cosimeter. 

Insoluble 
Acids -)- 
Unsal)oni- 
flable. 

At  15-5°  (water 
15-5  =  1). 

Mgrms.  KOH. 

Per  cent. 

c.c.  -fn  norm. 
KOH. 

Butyro-re- 
fractometer. 
"  Degrees." 

Number  of 
Seconds  at 
70°  F. 

Per  cent. 

0-9247-0-9259 

187-8-190-3 

119-91-122-5 

0-00 

62-5 

268-9-272 

95-07 

Argemone  oil  is  obtained  from  the  seeds  of  Argemone  mexicana,^  L., 
the  Mexican  or  prickly  poppy  (Gamboge  Thistle).  The  fresh  oil  is  of 
orange  or  light  yellow  colour,  and  has  a  distinctive  and  acrid  odour. 

The  Mexican  poppy  is  a  native  of  Jamaica,  the  Caribbean  Islands, 
and  Mexico.  It  was  introduced  into  India  about  three  centuries  ago, 
presumably  as  ballast,  and  has  now  spread  all  over  the  country,  and 
grows  specially  well  in  desert  land  and  the  saliferous  soils  of  the  United 
Provinces  and  the  Punjab.  The  oil  could  therefore  be  obtained  in 
practically  unlimited  quantities. 

The  seeds  are  about  the  size  of  rape  seeds  and  contain  36  per  cent 
of  oil,  9  per  cent  of  moisture,  and  6  per  cent  of  ash.  W.  H.  Bloemendal  ^ 
found  in  a  number  of  seeds  from  Curagoa  and  other  countries  35-38-7 

1  Crcsaley  and  Le  Suciir,  Journ.  Soc.  Cliem.  Ind.,  1898,  991. 
2  D.  Hooper,  Agrimdt.  Ledger,  1907,  No.  5  (1908),  p.  35. 
3  Fharvi.,  Weekblad,  1906,  14. 
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per  cent  of  oil.  By  expression  the  seeds  yield  on  a  practical  scale 
.^5-30  per  cent. 

Volatile  acids— acetic,  butyric,  and  valeric— which  have  been 
stated  to  occur  in  Argemone  oU,  could  not  be  detected  in  the  two  genuine 
specimens  examined  by  Crossley  and  Le  Sueur.  These  oils  had  the 
acid  values  6-0  and  83-9  respectively.  Hence  the  second  specimen 
was  completely  soluble  in  9  to  10  volumes  of  absolute  alcohol  at  the 
ordinary  temperature. 

Argemone  oil  is  used  in  medicine  and  as  a  burning  oil  in  the  East 
Indies.  Its  acrid  taste  and  active  therapeutic  action  preclude  its 
employment  as  an  edible  oil.  In  the  West  Indies  and  in  Mexico  the  oU 
is  used  as  a  lubricant  and  illuminant.  In  South  America  the  expressed 
oil  is  used  by  painters,  and  especially  for  painting  wood. 

The  seeds  of  Argemone  albiflora,  A.  speciosa,  A.  grandiflora,  A. 
Mspida,  and  A.  Hunnemannii  from  Curafoa,  Cape  Verde,  and  St. 
Eustatius  yield  about  37  per  cent  of  a  fatty  oil.  The  oil  extracted 
from  A.  speciosa  by  means  of  carbon  tetrachloride  had  the  specific 
gravity  0-9435  at  15°  C,  the  saponification  value  200-2,  the  iodine  value 
113-3,^  and  gave  a  deep  red  colom-ation  with  nitric  acid. 


FIR  SEED  OIL 

French — Huile  de  pignon.  German — Fichtensamenol. 
Italian — Olio  di  pinoli. 

For  tables  of  characteristics  see  pp.  141,  142. 

"  Fir  seed  oil "  is  the  generic  name  for  the  oils  obtained  from  the 
seeds  of  several  kinds  of  coniferous  trees. 

With  the  exception  of  the  oil  from  Pinus  Gerardiana,  a  native  of  the 
Bast  Indies,  and  the  oU  from  Pinus  monophylla,  or  P.  Fremontiana, 
all  the  species  of  trees  from  which  the  oils  described  below  are  obtained 
are  grown  in  Europe. 

Fir  seed  oUs  are  stated  to  dry  readily,  and  to  find  application  in  the 
preparation  of  varnishes. 

1  W.  H.  Bloemendal,  Pharvi.,  Weekblad,  1906  (43),  342. 
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DODDER  OIL,  CAMELINE  OIL  (GERMAN  SESAME  OIL) 

Frencli — Huile  de  cameline.  German — Leindotterol,  Deutsches  Sesambl, 
Riilldl.  Italian — Olio  di  cameline. 

For  tables  of  characteristics  see  p.  144. 

Cameline  oil  is  obtained  from  the  seeds  of  Myagrum  sativum,  Crantz. 
(or  Camelina  saliva  (L.),  Fr.),  belonging  to  the  Cruciferce.  The  seeds 
yield  30  per  cent  of  oil  (Grimme 

Several  centmies  ago  the  seed  was  grown  all  over  Germany  as  a 
crop.  At  present  it  is  harvested  in  some  parts  of  South  Germany, 
Belgium,  Holland,  Hungary,  the  Balkan  States,  and  South  Eussia. 
Press  cakes  are  shipped  to  this  country  (Liverpool)  from  Odessa,  and 
are  used  ia  the  manufacture  of  compound  cakes.  The  seeds  contain 
31-34  per  cent  of  an  oil  of  a  golden-yeUow  colour  and  having  a  pungent 
taste  and  smell.  On  exposure  to  the  air  the  oil  dries  slowly.  Boiled 
with  litharge  or  manganese  borate  it  yields  a  slowly  drying  varnish. 

The  low  saponification  value  points  to  the  presence  of  glycerides 
of  erucic  acid.  The  oil  prepared  by  expression  is  free  from  sulphur, 
like  aU  the  oils  drawn  in  the  cold  from  seeds  of  the  CrucifercB  (cp. 
"  Rape  on,"  p.  243). 

On  account  of  its  low  price  the  oil  is  not  likely  to  be  adulterated. 
It  is  used  in  its  turn  for  the  adulteration  of  rape  oil,  in  which  it  may 
be  detected  by  a  high  iodine  value.  Cameline  oil  is  naturally  present 
in  linseed  oil  expressed  from  East  Indian  seed  (cp.  p.  57). 

The  cold-drawn  oil  is  occasionally  employed  for  edible  purposes. 
Its  chief  use,  however,  is  for  soap-making.  It  suitably  replaces  linseed 
oil  for  making  soft  soap  during  the  winter.  In  summer,  however, 
cameline  oil  cannot  be  used  alone,  its  potash  soap  being  liquid  at  a 
temperature  below  20°  C. 

1  Ohem.  Revue,  1912,  102. 
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WALLFLOWER  SEED  OIL  ^ 

French — Huile  de  giroflee.    German — GoldlacJceamendl.  Italian — 

Olio  di  leucaio  giallo. 

This  oil  is  contained  in  the  seeds  of  the  common  wallflower,  Cheir- 
anthus  Cheiri.,  L.,  and  is  obtained  therefrom  in  a  yield  of  26-2  per  cent 
as  a  green-coloured  oil  which  on  standing  becomes  brown.  The  fatty 
oil  is  accompanied  by  an  ethereal  oil  (of  the  specific  gravity  0-9034 
and  refi-active  index  at  20°  of  1-692). 

The  fatty  oil  freed  from  the  ethereal  oil  has  the  following  charac- 
teristics : — 


Specific  gravity  at  15°  C.     .         .         .         .         .  0-9240 

Saponification  value   ......  180-3  (!) 

Iodine  value    .         .         .         .         .         .         .  124-58 

Eeichert-Meissl  value           .         .         .         .         .  0-33 

Titration  number  of  insoluble  volatile  acids        .         .  1-4 

Liquid  unsaponifiable  substances    ....  1-43  per  cent 

CrystaUisable  unsaponifiable  substances     .         .         .  0-47  „ 

Insoluble  fatty  acids  (free  from  unsaponifiable)   .         .  93-76  „ 


The  fatty  acids  of  this  oil  were  found  to  consist  approximately  of  ; — 
Cheiranthic  acid,  65-0  per  cent ;  linolic  acid,  30  per  cent ;  linolenic  acid, 
5  per  cent.  Matthes  and  Bpltze  obtained  from  the  unsaponifiable 
matter  of  Cheiranthus  oil,  after  purification  with  petroleum  ether,  0-5 
per  cent  of  a  phytosterol  crystallising  in  well-defined  plates  melting  at 
136°  C.  and  having  the  specific  rotation  -  31-78°  and  the  iodine  value 
{Hiibl)  77-14.  These  observers  give  the  formula  C27H46O  +  HgO  to 
this  phytosterol. 


MADIA  OIL 

French — Huile  de  Madia.    German — Madiadl. 
Italian — Olio  di  Madia 

For  tables  of  characteristics  see  p.  146. 

Madia  oil  is  obtained  from  the  seeds  of  the  Chilian  Madia  sativa, 
Mol.,  belonging  to  the  CompositcB.  This  plant  was  cultivated  success- 
fully in  South  Germany  on  an  experimental  scale  ;  but  the  experiments 
have  been  discontinued.  The  seeds  contain  32-33  per  cent  of  a  dark 
yellow  oil,  having  a  characteristic,  not  unpleasant  odour. 

Madia  oil  occupies  an  intermediate  place  between  drying  and 
semi-drying  oils.  With  nitrous  acid  (elaidin  test)  it  remains  liquid  ; 
for  this  reason,  as  also  ojx  account  of  its  high  iodine  value,  I  have  placed 
it  amongst  the  drying  oils.  It  absorbs,  indeed,  considerable  quantities 
of  oxygen,  thereby  becoming  viscid. 

The  oil  is  chiefly  used  for  burning  ;  it  is  also  used  for  soap-making. 
The  cold-pressed  oil  is  employed  for  edible  purposes. 

'  Mattlies  and  Holtzo,  Arc/do  d.  I'karm.,  1912,  211. 
VOL.  II  L 
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Lesser  Known  Drying-  Oils 


STRAWBERRY  SEED  OIL 

Frencli — Huile  de  fraisier.  German — Erdbeerenol. 
Italian — Olio  di  fragola. 

Strawberry  seeds  (from  Fragaria  vesca,  L.)  contain  19-02  per  cent  of 
a  drying  oil  {Anarin  i).  The  iodine  value  of  the  insoluble  fatty  acids 
was  191-193.  The  fatty  acids  are  stated  to  consist  of  81  per  cent 
linolic,  and  10-5  linolenic  and  oleic  acids. 

Kochs  2  examined  a  specimen  of  oil  the  characteristics  of  which 
differ  widely  from  those  given  above.  Thus  the  specific  gravity  is 
0-974,  the  iodine  value  72-8,  and  the  Reichert-Meissl  value  13-42.  The 
high  acid  value  56  indicates,  as  Kochs  himself  stated,  that  a  partial 
oxidation  (thickening)  of  the  oil  took  place  whilst  the  seeds  were  ground 
up  to  pulp. 


Physical  and  Chemical  Characteristics  of  Strawberry  Seed  Oil 


Specific  Gravity 
at  15°  C. 

Saponification 
Value. 

Iodine  Value. 

Reichert-Meissl 
Value. 

Refractive  Index 
at  25°. 

0-9345 

193-7 

180-3 

2-1 

1-4790 

RASPBERRY  SEED  OIL 

Fvench— Huile  de  framboisier.  German — HimbeerJcerndl. 
Italian — Olio  di  lampone. 

The  seeds  of  the  raspberry  contain  14-6  per  cent  of  a  strongly 
drying  oil,  which  in  Livache's  test  ^  absorbs  8-4  per  cent  of  oxygon 
a.fter  two  days.  The  liquid  fatty  acids  consist  chiefly  of  linolic  and 
linolenic  acids,  linolic  preponderating,  and  of  small  quantities  of  oleic 
and  isolinolenic(? )  acids.  The  acid  value  of  the  specimen  of  oil  was  1-0. 
The  unsaponifiable  matter  yielded  0-73  per  cent  (calculated  to  the 
oil)  of  phytosterol,  of  the  melting  point  134-5°  C. 

'  Prot.  Jluss.  Phys.  Qhevi.  Soc,  1903,  213  ;  Chem.  CcnlralbL,  1904,  ii.  459. 
^  Jahresh.  d.  Versuch.i  d.  k.  Oilrlnerlehimisl.  filr  1900,-1007,  Dalileni. 
Kr^.i^,an,  Zeilschr.  f.  iijfentl.  Chem.,  1907  (13),  263  ;  cp.  J.  Kochs,  Jahresb.  d, 
Vermchs  d.  k.  GarLnmichransl.,  Dahlem. 
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Physical  and  Chemical  CharacterisHcs  of  Mspherry  Seed  Oil 


Specific  Gravity 
at  15- C. 

Saponilication 
Value. 

Iodine  Value. 

Eeicliert-MeissI 
Value. 

0-9317 

192-3 

174-8 

0-0 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Speciflc  Gravity 
at  15°  C. 

Neutralisation 
Value. 

Iodine  Value. 

0-9114 

197-2 

181-3 

Liquid  Fatty  Acids. 

200-8 

185-9 

BED  CURRANT  SEED  OIL 

French — Huile  de  groseille.  German — Johannisbeersamenol. 
Italian — Olio  di  ribes. 

The  dried  seeds  of  the  currant,  Ribes  rubrum,  L.,  contain  16-9  per 
cent  of  an  oU  of  yellowish-brovpn  colour  and  of  pleasant  odour.  The  oil 
examined  by  Kochs  ^  had  the  acid  value  5-6,  and  gave  the  following 
characteristics : — 


Oil— 

Specific  gravity  at  15°  0.       .         .         .       0-9120  . 

Solidifying  point         ....  below  - 17- 5°  C. 

Saponification  value     ....  171-3  (!!) 

Iodine  value      .....  152-5 
Reichert-Meissl  value   .         .         .         •  0-77 
Butyro-refractometer  "  degrees  "  at  40°  C.  .  62 

Unsaponifiable  2-31  per  cent 

Fatty  Acids — 

Melting  point  (capillary  tube)  .         .      -20°  C. 

Neutralisation  value    .         .         .         •  211 
Iodine  value      .         .         .         •         •  159-5 


Kriiian  ^  examined  two  specimens  of  Italian  and  of  Bohemian 
origm  respectively,  with  the  following  results  :— 

1  Jahresb.  d.  Versuchs  d.  k.  Garlnerlehranst.  fur  190G-1907,  Dalileiii. 

2  Chcm.  Revue,  1909,  1. 
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Italian  Oil. 

Bohemian  Oil. 

Oil — 

Specific  gravity  at  15°  0. . 

0-9265 

0-9303 

Saponification  valuo 

189-9 

186-9 

Iodine  value  .... 

172-3 

175-9 

Mixed  Insoluble  Fatty  Adds — 

Specific  gravity  at  15°  C.  . 

0-9117 

Neutralisation  value 

196-3 

Iodine  value 

1  78-7 
J.  1  o  / 

Acetyl  value  .... 

13-2 

Liquid  Fatty  Acids — 

Neutralisation  value 

199-9 

200-6 

Iodine  value  .... 

187-8 

193-0 

The  Italian  oil  gave  ofE  sulphuretted  hydrogen  on  decomposing  the 
saponified  oil  with  mineral  acid,  hence  a  fictitious  Reichert-Meissl 
value  (1-1)  was  obtained.  The  Bohemian  oil  was  free  from  sulphur. 
The  Italian  oil  contains  stearic  and  palmitic  acids  (about  5  per  cent), 
large  quantities  of  linolic  acid,  and  smaller  quantities  of  oleic  and 
linolenic  acids. 

The  oil  dries  on  exposure  to  the  air  at  a  temperature  of  50°  C.  in 
seven  hours  to  a  dry,  almost  colom-less  skin  (Kochs).  The  increase  in 
weight  on  drying  at  the  ordinary  temperature  was  8-78  per  cent 
(Kriizan). 


CEANBERBY  SEED  OIL 

French — Huile  d'airelle.  German — Preisselbeerendl. 
Italian — Olio  di  mirtillo. 

The  seeds  of  Vaccinium  vitis  idcea,  L.,  contain  30-12  per  cent  of  an 
oil  having  the  following  characteristics  {Diedrichs  ^)  :— 


Oil— 

Specific  gravity  at  15°  C.       .         .  .  0-9301 

Saponification  value     .         .         .  .  190-1 

Iodine  value      .         .         .         .  .  169-2 

Butyro-refractometor  at  25°  C.         .  .  83-4 

at  40°  C.         .  .  75-0 

Fatly  Acids — 

Insoluble  fatty  acids -f- unsaponifiable  .  95-7  per  cent 

Neutralisation  value     .         .         .  .195-8 

Iodine  value      .....  178-6 

Butyro-refractometor  at  40°  C.         .  .  60-4 


The  mixed  fatty  acid  contains  linolenic  and  linolic  acids. 


'  Zeits.  /.  Unlcrs.  d.  Nahrys-  u.  Genussm.,  1912  (xxiv.),  575. 
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BILBERRY  SEED  OIL 

French — Huile  de  mirtille.  German — Heidelbeerendl. 
Italian — Olio  di  hacola. 

The  seeds  of  Vaccinium  myrtillus,  L.,  yield  31  per  cent  of  oU  having 
the  following  characteristics  {Diedrichs  ■*■) : — 

Oil— 

Specific  gravity  at  15°  C. 
Saponification  value  .... 
Iodine  value  ..... 
Butyxo-refractometer  at  25°  C. 

at  40°  C. 

Fatty  Acids — 

Insoluble  fatty  acids  +  unsaponifiable  ■ 
Neutralisation  value  .... 
Iodine  value  ..... 
Butyro-refractometer  at  40°  C. 

The  mixed  fatty  acids  contain  linolenic  acid. 


HOP  SEED  OIL 

French — Huile  de  Jioublon.  German — Hopfensamenol. 
Italian — Olio  di  luppolo. 

The  seeds  of  the  hop  {Humulus  lupulus,  L.)  contain  244  to  28-5 
per  cent  of  a  light  yellow  coloured  fatty  oil,  having  iodine  values  ranging 
from  149-7  to  161-5  per  cent.^ 


HAWTHORN  SEED  OIL,  HIP  OIL 

French— fl'mie  d'eglantier.  German— Hagebuttensamendl. 
Italian — Olio  di  rosa  canina. 

The  seeds  of  the  berries  of  Gratcegus  oxyacaniha,  Rosa  canina,  etc. 
(known  as  hips),  contain  9-63  per  cent  of  an  oil  of  pleasant  smell,  and 
of  yellow  to  orange-yellow  colour.  The  oil  examined  by  Kochs  ^  had 
the  acid  value  4-2,  and  furnished  the  foUowing  characteristics  :— 

J  Zeits.f.  Unters.d.  Nahrgs-  u.  Oemissm.,  1912  (.vxiv.),  575.^ 

2  L  Briant  and  H.  Harinan,  Juicrnal  qf  the  Imtitutc  of  Brewing,  1^10,  p.  5. 

3  Jahresb.  d.  Versuchs  d.  k.  GaHnerlehranst.  fur  1900-1907,  Dahlem. 


0-9331 
190-4 
167-2 

79-8 

71-2 


95-7 
200-7 
177-3 

57-3 
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087— 

Specific  gravity  at  50°  C.      .         .         .         .  0-9161 

Solidifying  point        .....  below  - 17-5°  C, 

Saponification  value   .         .         .         .  .172-8 

Iodine  value    ......  152-8 

Reichert-Meissl  value  .....  0-44 

Unsaponifiable  matter          ....  2-62  per  cent 

Butyro-refractometer  "  degrees  "  at  40°  C.           .  67 


Fatty  Acids — 

Neutralisation  value  .  .  ,  .  .  202-9 
Iodine  value    ......  174-3 

On  exposure  to  the  atmosphere  at  a  temperature  of  50°  C.  the  oil 
dried  after  seven  hom-s  to  a  hard,  almost  colourless  skin  ;  at  the  ordinary- 
temperature  it  thickened  after  seven  days,  and  was  dry  after  ten  days. 


BLACKBEERY  SEED  OIL  ^ 

'ExenG'k-^Huile  de  ronce.  German — Brombeerkerndl. 
Italian — Olio  di  more. 

For  tables  of  characteristics  see  p.  152. 

This  oil  occurs  to  an  extent  of  12-6  per  cent  in  the  seeds  of  the 
blackberry.  The  oil  obtained  by  extraction  with  petroleum  ether  is 
dark  green  to  yellowish,  and  shows  in  reflected  light  a  red  fluorescence. 
The  green  colour  is  due  to  chlorophyll,  which  is  difficult  to  remove,  as 
the  liquid  fatty  acids  prepared  by  the  lead-salt-ether  method  still 
exhibit  an  emerald-green  colour  with  red  fluorescence.  The  oil  had  an 
acid  value  of  2-03.  The  fatty  acids  were  resolved  by  means  of  the 
lead-salt-ether  method  into  4-7  per  cent  of  solid,  and  91  per  cent  of 
liquid  acids. 

The  solid  fatty  acids  melt,  after  crystallisation  from  alcohol,  at 
61-5°  C,  and  probably  consist  of  palmitic  acid.  The  liquid  fatty 
acids  were  exhaustively  examined  by  Hazura's  method,  and  from  the 
amount  of  the  oxidation  products  obtained,  the  following  approximate 
composition  of  the  liquid  fatty  acids  was  derived  : — 

Per  cent. 

Oleic  acid  .....  17 
Linolic  acid  .....  80 
Linolenic  acid  .....  about  1-5 
Isolinolenic  acid  .         .         .         .     „  1-5 

The  unsaponifiable  matter  in  the  oil  amounted  to  0-83  per  cent ; 
0-6  per  cent  were  obtained  as  crystallised  (phytosterol)  sitosterol,  of 
the  melting  point  133°  C.  The  oil  has  distinct  drying  powers  ;  in  the 
Livache  test  it  showed  after  three  days  an  increase  in  weight  of  6-87 
per  cent.    The  oil  dries  somewhat  less  rapidly  than  raspberry  seed  oil. 


'  KrMau,  0/iem.  Revue,  1908,  7. 
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Physical  and  Chemical  Characteristics  of  Blackberry  Seed  Oil 


Specific  Gravity 
at  15°  C. 

Saponification 
Value. 

Iodine  Value. 

Reicliert-Meiasl 
Value. 

0-9256 

189-5 

147-8 

0-0 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Specific 
Gravity 
at  15°  C. 

Insoluble  Fatty 

Acids 
+  Unsaponifiable. 
Per  cent. 

Mean 
Molecular 
Weight. 

Iodine 
Value. 

Acetyl 
Value. 

0-9070 

96-3 

280-9 

155-1 

13-9 

Liquid  Fatty  Acids. 

281-3 

163-2 

MULBERRY  SEED  OIL  ^ 

French — Huile  de  murier.  German — Maulheersamendl. 
Italian — Olio  di  moro. 

Mulberry  seed  oil  is  a  viscous  oil  of  golden  yellovp  colom-,  faint  odour, 
and  pleasant  taste,  obtained  from  the  seeds  of  Morus  alba,  L.  The 
seeds  yield,  on  extraction  vsdth  ether,  33  per  cent  of  oU.  Two  specimens 
of  oil,  the  one  extracted  vpith  ether  and  the  other  obtained  by  expression 
— ^whereby  only  24  per  cent  of  oil  V7as  recovered — gave  the  follovsdng 
characteristics  : — 


1  L.  Prussia,  Chem.  ZeiL,  1910,  830. 
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Oil— 

Specific  gravity  at  15°  C.  . 

„     at  100°  C.  . 
(water  at  15°  C.  =  l) 
Saponification  value  . 
Iodine  value 
Reichert-Meissl  value 
Butyro-refractometer  at  15°  C. 

at25°C. 
at40°C. 
Maumene  (Tortelli's  Thermoleo- 
meter)  

Fatty  Acids — 

Insoluble  acids  +  unsaponifiable 
Specific  gravity  at  100°  C. 

(water  at  15°  C.  =  l) 
Solidifying  point  °C. 
Melting  point  °C. 
NeutraUaation  value 
Saponification  value 
Iodine  value 
Mean  molecular  weight  insoluble 
fatty  acids  .... 
Iodine  value  of  liquid  fatty  acids 
Butyro-refractometer  at  30°  C. . 

at40°C.. 

at  45°  C. . 
Liquid  fatty  acids,  per  cent 
Solid  fatty  acids  „ 


Extracted  with 
Ether, 

Expressed. 

0-9245 

0-870(1 
yj  o  1 V/U 

190-1 

191-3 

140-4 

143-3 

0-35 

0-10 

78-2 

77-7 

72-5 

71-9 

63-9 

63-6 

94-8 

95-6 

U  oOOU 

.  20-8-21-2 

19-2-19-6 

22-23°  0 

194 

199-8 

•  ■ 

144-1 

970.4. 

280-9 

146-5 

159-9 

63-2 

58-5 

57-8 

55-3 

55-5 

51-0 

79-4 

80-6 

20-6 

19-4 

The  oil  is  stated  to  be  soluble  in  95  per  cent  alcobol  in  the  hot,  in 
an  equal  volume  of  absolute  alcohol  at  39°  C,  as  also  in  an  equal  volume 
of  glacial  acetic  acid  at  41°  C. 

In  the  Livache  test,  extracted  oil  absorbed  3,-6  per  cent  of  oxygen 
after  six  days,  and  9-38  per  cent  after  fourteen  days. 


WELD  SEED  OIL 

French — Huile  de  gaude.  German — Resedasamendl,  Wausamendl. 
Italian — Olio  di  guaderella. 

This  oil  is  obtained  from  the  seeds  of  the  dyer's  weld,  Reseda  luieola, 
B.C.  Owing  to  the  presence  of  chlorophyll,  the  oil  has  a  dark  greenish 
tint.  Its  specific  gravity  is  0-9358  (Schubler)  ;  its  solidifying  point 
-20°  C.  It  has  a  bitter  taste  and  nauseous  odour.  The  oil  dries 
easily  on  exposure  to  air.  It  is  used  as  a  burning  oil  and  for  making 
varnishes. 
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ISANO  (UNGUEKO)  OIL  ^ 

Isano  (I'Sano)  oil  is  obtained  from  the  seeds  of  the  I'Sano  ^  or 
Ungueko,^  Onguekoa  Gore,  Engl.  ;  Ongokea  Klainlana,  Pierre,  a  large 
tree  of  the  family  Oleaceoe,  growing  in  the  French  Congo.  The  ground 
and  dried  seeds  yield  60  per  cent  of  oil  of  the  specific  gravity  0-973 
at  23°  C.  It  remains  liquid  at  - 15°  C,  is  reddish  in  colour,  has  an 
insipid  flavour  and  fishy  smell ;  it  is  viscous  and  possesses  strong 
drying  powers.  Maumene  test  115°  C.  The  bromine  value  is  stated 
to  be  double  that  of  oleic  acid,  and  the  oil  is  said  to  contain  86  per 
cent  of  liquid  fatty  acids  (the  lead  salts  being  entirely  soluble  in  ether), 
consisting  of  15  per  cent  oleic  acid,  75  per  cent  linohc  acid,  and  10  per 
cent  of  isanic  acid  (Vol.  I.  Chap.  III).  On  saponification  from  12  to 
13  per  cent  of  glycerol  are  said  to  be  oi)tained. 

Apparently  identical  with  this  oil  is  the  oil  obtained  from  the  seeds 
of  a  tree  known  to  the  natives  of  the  Belgian  Congo  as  "  Boleko  "  or 
"  Sano."  *  The  whole  seeds  contain  about  23  per  cent,  and  the  kernels 
78  per  cent  of  oil. 


MOHAMBA  OIL  ^ 

The  seeds  yielding  mohamba  oil  are  very  similar  to  those  of  the 
Isano  tree,  but  after  drying  they  yield  only  12  per  cent  of  an  oil  of  the 
specific  gravity  of  0-915  at  23°  C.  The  oil  remains  liquid  at  - 15°  C, 
is  of  yellow  colour,  fairly  fluid,  inodorous,  and  has  an  insipid  taste. 
Maumene  test  55°  C. 

On  saponification  about  9  per  cent  of  glycerol  and  90  per  cent  of 
brown  unsaturated  (liquid)  fatty  acids  are  obtaiaed.  From  the  lead 
salts  of  the  acids  (which  are  entirely  soluble  in  ether)  there  was  obtained 
a  white  fatty  acid  melting  at  34°-35°  C,  soluble  in  alcohol  and  ether, 
and  crystallising  from  the  latter  in  laminiB.  This  acid  absorbs  about 
as  much  bromine  as  oleic  acid  does,  and  would  therefore  belong  to  the 
oleic  series,  but  does  not  seem  to  be  identical  with  any  known  acid. 
The  liquid  acids  appear  to  consist  of  oleic  acid,  as  they  absorb  an 
amount  of  bromine  corresponding  to  oleic  acid  and  give  the  elaidin 
reaction. 

The  seeds  of  Lawsonia  alba,  Lamk.^  (the  henna  plant  of  Western 
Asia,  which  is  found  wild  or  cultivated  throughout  India),  contain 
10-48  per  cent  of  an  oil  which  solidifies  at  25-5°  C.  It  has  the  iodine 
value  121-63.    The  oil  is  not  likely  to  become  a  commercial  product. 

^  Hubert,  fourn.  Soc.  CJhem.  Ind.,  1896,  660.    Cp.  Heckel,  Les  Qraines  grasses 
nouvelles  on  pen  connues  des  colonies  fram^aises.    Paris,  1902. 
^  Local  name  in  Loango. 
^  Local  name. 

•*  Bull.  Agric.  du  Congo  Beige,  1911  (2),  203. 

'  D.  Hooper,  yoMr?i.  Proc.  Asiatic  Society  of  Bengal,  1908,  iv. 
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"  Tannoom  seeds  "  from  Chrozophora  verhascifoUa,  yield  35  per  cent 
of  a  thick  oil,  which  the  Bedouins  of  Arabia  use  in  place  of  ghee.  The 
oil  had  the  saponification  value  200-2,  the  iodine  value  137-0.  The 
insoluble  fatty  acids  had  the  "  titer  test "  30-5°  C.  The  acid  value  of 
the  specimen  examined  by  Hooper    was  33. 


(2)  Semi-Drying  Oils 

The  oils  comprised  in  this  class  form  an  intermediate  link  between 
the  drying  and  the  non-drying  oils ;  this  is  readily  shown  by  their 
iodine  values,  which  lie  between  those  of  the  drying  oils  and  the  non- 
drying  oils. 

Chemically  they  differ  from  the  drying  oils  by  the  absence  (or 
practically  complete  absence)  of  linolenic  acid,  whilst  they  are  difierenti- 
ated  from  the  non-drying  oils  by  containing  considerable  amounts  of 
linolic  acid.  The  proportion  of  linolic  acid  decreases  as  the  iodine 
values  decrease.  The  members  of  this  class  appear  to  range  themselves 
naturally  into  two  groups  : — 

(a)  Cotton  Seed  Oil  Group. 
(j8)  Kape  Oil  Group. 


(a)  The  Cotton  Seed  Oil  Group 

The  members  of  this  group  still  possess  distinct  drying  properties, 
although  they  are  less  pronounced  than  in  the  case  of  the  true  drying 
oils. 

The  drying  power  becomes  more  apparent  on  allowing  the  oils 
to  dry  at  a  somewhat  elevated  temperature.  At  the  ordinary 
temperature  maize  oil  and  cotton  oil  form  a  viscous  mass  after 
exposure  to  the  atmosphere  for  several  weeks  in  thin  layers.  This 
group  takes  its  name  from  its  most  prominent  member,  which  may 
be  considered  as  the  type  of  a  semi-drying  oil  which  is  characterised  by 
a  notable  amount  of  linolic  acid. 


celandine  oil,  swallow-wort  oil 

French — Huile  de  chelidoine.  German — SchdllJcraulol. 
Italian — Olio  di  cdidonia. 

This  oil  has  been  obtained  from  the  seeds  of  Chelidonium  majus,  L., 
which  contain  46-6  per  cent  of  oil.  The  specimen  examined  by  Fokin  ^ 
had  undergone  hydrolysis  to  a  considerable  extent,  as  is  evidenced  by 
its  high  proportion  of  free  fatty  acids,  viz.  50-4  per  cent. 

Fokin  states  that  the  oil  contains  no  linolic  acid. 

'  A  nnual  Jieport,  Indicin  Musewm,  1907-1908,  p.  13.       "  Cliem.  Revue,  1906,  130. 
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Physical  and  Chemical  Characteristics  of  Celandine  Oil 


Specific  Gravity. 

Saponification  Value. 

AfO. 

Mgrms.  KOH. 

19 

(water  19° 
=  1) 

0-917 

198-2 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Specific  Gravity. 

Solidifying  Point. 

Melting  Point. 

Neutralisation 
Value. 

Iodine  Value. 

At°0. 

°C. 

°0. 

Mgrms.  KOH. 

Per  cent. 

19 
( water 
19°  =  1) 

0-902 

6-4 

7-16 

201-1 

127-3 

DAPHNE  OIL  ^ 

French — Huile  de  Daphne.  German — Daphneol. 
Italian — Olio  di  daphne. 

The  seeds  of  Daphne  Cnidium,  L.  {semen  coccognidii),  and  other 
Daphne  species  such  as  D.  Mezereum,  contain  from  36  to  37  per  cent  of 
a  greenish-yellow  oil  which  dries  on  exposure  to  the  atmosphere. 

The  solid  fatty  acids  of  the  oil  consist  of  palmitic  and  stearic  acids  ; 
the  statement  that  the  liquid  fatty  acids  contain  in  addition  to  oleic 
and  linolic  acids  also  linolenic  and  isolinolenic  acids  requires  confirma- 
tion. 


Physical  and  Chemical  Characteristics  of  Daphne  Oil 


Specific  Gravity 
at  15*  C. 

Saponification  Value. 
Mgrms.  KOfl. 

Iodine  Value. 
Per  cent. 

0-9237 

196-5 

1 

126-1 

1  Peters,  Arch.  d.  Pharm.,  1902,  240. 
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CLOVEE  OIL  (red  CLOVER  OIL  ;  WHITE  CLOVER  OIL) 

French. — Huile  de  trifle.  German — Kleesamenol. 
Italian— 0^10  di  trifoglio. 

This  oil  is  obtained  from  the  seeds  of  the  clover,  TrifoUum.  Two 
species  of  clover  seed,  viz.  TrifoUum  pratense  perenne,  L.,  red  clover, 
and  TrifoUum  repens,  L.,  white  clover,  were  examined  by  Valentin 
Jones. ^  Th.e  seeds  of  the  red  clover  yielded  11-1  per  cent,  and  the  seeds 
of  the  white  clover  ll-S  per  cent  of  oil  on  extraction  with  petroleum 
ether. 


Physical  and  Chemical  GharacterisUcs  of  Clover  Oil 


Clover  OU. 

Saponification  Value. 

Iodine  Value. 

Reichert-Meissl  Value. 

Red  . 

189-9 

124-3 

3 -J 

White 

189-5 

119-7 

?  5 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Clover  Oil. 

Insoluble  Acids 
+Unsaponiflable. 

Neutralisation 
Value. 

Mean  Molecular 
Weight. 

Iodine  Value. 

Red  . 
White  . 

93-62 
93-24 

198-1 
197-6 

283-2 
283-8 

1262 
122-2 

The  solid  fatty  acids  of  red  clover  oil  consist  of  palmitic  and  stearic 
acids.  The  liquid  fatty  acids  contain  oleic  and  linolic  acids,  the  former 
predominating. 

White  clover  oil  resembles  very  closely  in  its  chemical  composition 
the  red  clover  oil.  The  lower  iodine  value  points  to  a  smaller  proportion 
of  liquid  fatty  acids  in  white  clover  oil. 

The  following  twelve  oils  are  described  together,  as  they  are  all 
derived  from  cucurbitaceous  plants  : — 

'  Cp.  F.  B.  Power  and  A.  II.  Salvvay,  "llie  Constituents  of  Rod  Clover  Flowens," 
Journ.  Chew.  Soc,  1910,  231. 

2  MM.  d.  k.  k.  luchmlog.  Ocwerhe-Museumn,  1903,  223. 
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PUMPKIN  SEED  OIL 

FTench—Huile  de  courge,  huile  de  potiron.     German— Kilrbissamendl, 
Kurbiskerndl.  ItaKan — Olio  di  zucca. 

For  tables  of  characteristics  see  p.  159. 

Pumpkin  seed  oil  is  obtained  from  the  seeds  of  Cucurhita  pepo,  L.,  by 
cold  expression. 

Tbe  entire  seeds  consist  of  23-5  per  cent  husks  and  76-5  per  cent 
kernels  ("  meats  ").  The  whole  seeds  contain  from  35  to  37-5  per  cent 
of  oil ;  the  kernels  yield  from  47  to  48  per  cent  of  oil.  In  South  Eussia 
the  oil  is  prepared  on  a  commercial  scale  by  roasting  the  seeds  and 
subsequently  expressing  the  oil  in  the  hot.^ 

The  oil  obtained  by  cold  expression  has  a  greenish  colour  with  a 
faint  red  fluorescence,  whilst  that  prepared  commercially,  as  described 
above,  is  stated  to  be  viscous  and  of  a  brownish-green  colom-  by  trans- 
mitted light,  and  of  a  deep  red  colour  in  reflected  light.  It  should  be 
noted  that  the  seeds  pass  through  various  stages  of  drying  or  roasting, 
which  no  doubt  exercise  a  considerable  influence  on  the  colour  of  the  oil. 

The  oil  expressed  by  Power  and  Salway  had  a  cherry-red  colour 
in  layers  of  moderate  thickness  and  then  possessed  a  marked  fluor- 
escence ;  in  thin  layers  the  oil  appeared  greenish-yellow. 

The  characteristics  obtataed  for  oUs  prepared  by  Poda  by  both 
methods  agree  closely  with  those  yielded  by  commercial  oils. 

Power  and  Salway  ^  found  in  an  extended  examination  of  a  specimen 
of  oil  that  it  consisted  of : — palmitic  and  stearic  acid,  as  glycerides, 
30  per  cent ;  oleic  acid,  as  glyceride,  25  per  cent ;  and  linolic  acid,  as 
glyceride,  45  per  cent.  No  myristic  acid  was  found  ;  nor  could  linusic 
acid  be  isolated  from  the  products  of  oxidation  so  that  linolenic  acid 
may  be  said  to  be  absent. — Amongst  the  unsaponifiable  matter  there 
was  found  a  phytosterol  of  the  formula  C27ll4gO  melting  at  162°-163°  C. 
The  pumpkin  seed  oil  was  optically  inactive. 

Strauss  ^  attempted  to  bleach  the  oil  (obtained  by  expressing  the 
crushed  seeds  after  heating  them  to  80°-90°  C.)  with  concentrated 
sulphuric  acid,  chloriue,  ozone,  and  sulphurous  acid,  but  the  results 
were  not  satisfactory.  Other  experiments,  having  for  their  object 
the  refiniug  of  the  oil  with  caustic  soda,  yielded  a  pale  oil,  but  the 
losses  due  to  saponification  were  very  considerable. 

»  Journ.  Soc.  Chem.  Ind.,  1898,  10.54. 
2  Journ.  Amer.  Chem.  Soc,  1910  (22),  347. 
3  Chem.  Zeit.,  1903,  527. 
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The  cold-drawn  oil  is  used  for  edible  purposes  in  Austria,  Hungary, 
and  Eussia  ;  the  oil  from  the  large  cucumber  grown  on  the  Slave  Coast 
is  said  to  surpass  olive  oil  in  flavour.  The  edible  oil  is  frequently 
adulterated  with  linseed,  cotton  seed,  sesame,  and  rape  oils.  Linseed 
oil  would  be  detected  by  its  high  iodine  value  and  the  bromide  test ; 
cotton  seed  oil  by  the  Halphen  colour  reaction  ;  sesame  oil  by  the 
Baudouin  colour  reaction  ;  rape  oU  by  a  low  iodine  value,  in  conjunction 
with  a  lower  saponification  value. 

The  lower  qualities  of  pumpkin  seed  oil  serve  as  a  burning  oil. 

The  seeds  from  the  Indian  pumpkin  yielded  25  per  cent  of  an  oil, 
having  the  following  characteristics  {Hooper  ^)  : — 

Oil— 

Specific  gravity  at  15°  C.      .         .         .  0-926 ;  0-928 

Saponification  value   ....  195-7 ;  196-2 

Iodine  value    .....  126-0 ;  129-6 

Reichert-Meissl  value  ....  0-43 ;  0-52 

Fatty  Acids — 

Insoluble  acids  +  unaaponifiable       .         .  94-97;    94-7  per  cent 

Titer  test   31-0°  C. ;  32°  G. 

Acid  value  of  the  specimen  examined       .  12-78;  10-86 

For  the  oil  from  Cucurhita  maxima,  the  "  squashed  gourd  "  of  India 
had  the  following  characteristics  {Hooper  ^)  : — 

Oil— 


Specific  gravity  at  15°  C. 

0-919 ;  0-926 

Saponification  value  . 

.    194-9 ;  197-1 

Iodine  value  .... 

.     88-7  (?);  133-4 

Reichert-Meissl  value  . 

0-47 ;  0-67 

Fatty  Acids — • 

Insoluble  acids  +  unaaponifiable 

.     94-3 ;  95-8 

Titer  test        .         .      •  . 

.    32°  C. ;  38°  C. 

COLOCYNTH  OIL 

French — Huile  de  coloquinte.  German — Koloquintensamendl. 
Italian — Olio  di  coloquintida. 

From  the  colocynth  seeds  {Citrullus  colocynthis,  Ai-n.)  of  Baluchistan 
17-8  per  cent  of  oil  are  obtainable  {Hooper  ^).  The  oil  extracted  (by 
means  of  carbon  tetrachloride)  from  Algerian  ^  seeds  had  to  a  sHght 
degree  the  characteristic  taste  of  the  oils  belonging  to  the  CucurUtaceoi. 
Power  and  Moore  ^  obtained  from  the  seeds  of  Citrullus  colocynthis, 
Schroeder,  12-7  per  cent  (by  extraction  with  petroleum  ether)  of  a  clear 

1  Annual  Report,  Indian  Museum,  1907-1908,  p.  13. 
■■2  Grlraalili  and  Prussia,  Bull.  Chim.  Farm.,  1909  (48),  p.  93. 
3  Journ.  C/iem.  Soc,  1910,  99. 
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pale  yellow,  optically  inactive  oil.  Tlie  following  characteristics  were 
ascertained : — 


Hooper. 

Grimakli  and 
Prussifi. 

Power  and 
Moore. 

OjT— 

• 

Specific  gravity  at  15°  C.  . 

0-9289 

„          „      at  20°  C.  . 

V  to 

(water  at  20°  C.  =  l) 

Specific  gravity  at  100°  C. . 

0-8733 

•  • 

(water  at  15°  C.  =  l) 

Solidifying  point  .... 

- 14.°  r 

Saponification  value  . 

2d2-9 

191-7 

186-7 

Iodine  value  .... 

129-3 

120-4 

126-6 

Reichert-Meissl  value  . 

Butyro-refractometer — 

*  • 

"  degrees  "  at  15°  C. 

78-2 

„        at  25°  C. 

72-3 

■  ' 

at40°C. 

63-5 

Maumene  test  (in  Tortelli's 

apparatus)  .... 

86-4 

Fatty  Acids — 

Insoluble  acids  -(-  unsaponifiable 

92-2  DPr  ppnt 

Qn-79  T\pv  ppnf 

Specific  gravity  at  50°  C.  . 

0-8910 

(water  at  50°  C.  =  l) 

Specific  gravity  at  100°  C. . 

(water  at  15°  C.  =  l) 

Solidifying  point  .... 

2Q°  ftitpr^ 

9R-9  97-9 

Melting  point  .... 

29-2-30 

Neutralisation  value  . 

192-6 

Saponification  value  . 

198-2 

Iodine  value  .... 

121 

131-i 

Iodine  value  of  liquid  fatty  acids 

150 

Liquid  fatty  acids 

56-2  per  cent 

Sofid  fatty  acids  .... 

43-8  „ 

But  jTO  -ref  ractometer — ■ 

"  degrees  "  at  30°  C. 

56-7 

at  40°  C. 

51-5 

at  45°  C. 

48-3 

Poiver  and  Moore  isolated  from  the  oil  a  phytosterol  C20H34O  melting 
at  159°-160°  (acetate  melting  at  167°-170°)  having  [a]D=  +8-1°. 

The  Algerian  oil  absorbed  in  Livache's  test,  after  3  days  5-22  per 
cent,  and  after  7  days  5-76  per  cent,  of  oxygen.  The  acid  value  of  the 
Baluchistan  oil  was  5-9  and  that  of  the  Algerian  oil  2-7. 


IKPAN  SEED  OIL  ^ 

French — Huile  cl'ikpan.  German — Ikpansamendl. 
Italian — Olio  di  semi  di  ikpan. 

This  oil  is  obtained  from  the  "  ikpan  seeds  "  of  Southern  Nigeria, 
which  are  probably  derived  fi'om  one  of  the  forms  of  water  melon, 

•  Bull.  Imp.  Inst.,  1907,  132,  133  ;  1908,  356. 
VOL.  II  M 
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Citrullus  vulgaris,  common  in  West  Africa.  The  seeds  consist  of  36 
parts  of  shells  and  64  parts  of  kernels.  The  kernels  yield  40  per  cent 
of  a  pale  yellow  oil  from  which  on  standing  some  "  stearine  "  separates. 
The  following  characteristics  have  been  ascertained  : — 


I. 

II. 

Specific  gravity  at  15°  C.  . 

Saponification  value  ..... 

Iodine  value  ...... 

Insoluble  fatty  acids  +  unsaponifiable 

Titer  test  of  fatty  acids  .... 

0-9184 
194-0 
106-0 
95-9  per  cent 
36°  C. 

0-922 
196-5 
107-0 

Three  other  oils  obtained  from  species  of  Citrullus,  viz.  Citrullus 
naudinianus  (Hook),  Citrullus  vulgaris,  and  an  unidentified  species  from 
West  Africa,  were  examined  by  Grimme  ^  and  by  Heering  and  Grimme. 
The  characteristics  of  the  three  oils  are  collated  in  the  following  table  :— 


Oil  from 

C.  naudinianus.2 

C.  Vulgaris. 

C.  species  ('?).•' 

Oil- 

Yield  of  oil  from  seeds,  per  cent 
Specific  gravity  at  15/15°  C. 
Solidifying  point,  °  C. 
Melting  point,  °  C. 
Saponification  value  . 
Iodine  value  (Wijs) 
Refractive  index  at  20°  C. 

„  atl5°C. 
Unsaponifiable  matter,  per  cent 

15-33 

-7 

203-1 
120-3 
1-4747 

4-37 

15-33 

0-  9143 
-5 
-2° 

198-2 
123-7 

1-  4728 

1-34 

11-8 

0-  9158 
-11-5 

-5 

195-6 

119-5 

1-  4751 
0-28 

Fatty  Acids — 

Insoluble  acids  +  unsaponifiable 
per  cent 

Solidifying  point,  °  C. 
Melting  point,  °  C. 
Neutralisation  value  . 
Mean  molecular  weight 
Iodine  value  .... 
Refractive  index  at  40°  C. 

„     at  45°  C. 

32-34 
182-2 
308-3 
1040 
1-4647 

94-6 
32 

34-35 
196-2 
286-2 
112-3 
1-4632 

95-9 

33 

34 
194-5 
285-8 
122-3 

1-4568 

NARRAS  SEED  OIL 

This  oil  is  obtained  from  the  seeds  of  Acanthosicyus  horrida,  Welw.* 
This  species  differs  from  all  other  plants  belonging  to  the  Cucui'bitaceaj 

1  C/iCHi.  Revue,  1910,  182,  268.  -  Jbid.,  1910,  182. 

Ohem.  Zentralhlatl,  1911  (ii.),  1742.  ,  ,  ,  , 

*  Cp.  Dinter,  Tropeupjianzer,  1901,  S.  474.    R.  Marlocli,  Mglers  hot.  Jahrbdcher, 

1888,  S.  173. 
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by  its  want  of  leaves.  The  plant  covers  th.e  heigiits  surrounding 
Walfish  Bay  in  hedges  and  shrubs  rising  to  a  height  of  from  3  to  5  feet. 
The  kernels  contain  47-8  per  cent  of  a  fatty  oil,  which  had  the  following 
characteristics  :  ^ — 


Ot7— 

Solidifying  point,  °  C. 
Melting  point,  °  C. 
Saponification  value  . 
Iodine  value 

Refractive  index  at  20°  C. 

Fatty  Acids — 

Solidifying  point,  °  C. 
Melting  point,  °  C. 
Neutralisation  value  . 
Iodine  value 

Refractive  index  at  40°  C. 


-7 

-9  to  -11-5 
181-4 
116-6 
1-4768 

26  - 16°  C. 
31-32 
179-8 
122-0 
1-4681 


BRYONY  OIL  ^ 


-French — Huile  de  vigne  hlanche.  German — Zaunrubendl. 
Italian — Olio  di  brionia. 

The  (poisonous)  seeds  of  Bryonia  dioica,  belonging  to  the  Cucur- 
hitacecB,  contain  23-6  per  cent  of  a  viscous,  reddish-yellow  oil,  having  the 
following  characteristics  : — 


Saponification  value  .... 
Reichert-Meissl  value  .... 
Iodine  value  ..... 
Butyro-refractometer,  "  degrees  "  at  25°  C. 

40°  C. 


1930 
0-66 

135-1 
75-5 
67-2 


No  hexabromide  was  obtained  in  the 
p.  475). 


Bromide  test"  (Vol.  I. 


WATER-MELON  OIL 

French — Huile  de  pas^ue  {huile  de  citrouille     huile  de gros  beraff  (bereff). 
German — Wassermelonenol.    Italian — Olio  di  citriuolo. 

The  seeds  of  Gucumis  citrullus,  L.  [Cucurbita  citrullus,  L.),  yield  62 
per  cent  of  kernels  containing  65-8  per  cent  of  oil ;  hence  the  seeds 
contain  40-8  per  cent  of  oil. 

Power  and  Salway,^  however,  found  only  19  per  cent  of  oil  in  the 

'  C.  Griiriirie,  Chem.  Revue,  1910,  182. 

A.  Diedrichs,  Okmi.  Reime,  1912,  239. 
•'  It  .should  be  iiotud  tUiit  the  name  "huile  de  citrouille"  would  also  apidy  to 
'  pu[ii])i<in  seed  oil." 

'  Joiirn.  Amer.  Chem.  Sue,  1910  (22),  360. 
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eutii-e  seed  ;  they  obtained  by  expression  74  per  cent  of  a  light  yellow- 
coloured  oil,  entirely  devoid  of  fluorescence.    This  oil  was  optically 

inactive.    The  chemical  composition  of  this  oil  was  as  follows  :  

Palmitic  and  stearic  acids,  as  glycerides,  30  per  cent ;  oleic  acid,  as 
glyceride,  25  per  cent ;  and  linolic  acid,  as  glyceride,  45  per  cent.  Of 
the  solid  acids,  stearic  seems  to  preponderate.  This  oil  also  contained 
a  small  amount  of  phytosterol  melting  at  163°-164°  C.  Whereas  the 
composition  of  the  oil  closely  resembles  that  of  pumpkin  seed  oil,  the 
phytosterol,  although  agreeing  in  its  melting  point  with  the  phytosterol 
from  the  latter  oil,  has  the  composition  C^qHs^O. 

A  specimen  of  oil  examined'  by  Wijs  ^  contained  1-20  per  cent  free 
fatty  acids ;  it  gave  the  characteristics  recorded  in  the  following  tables : — 


Physical  and  Chemical  Characteristics  of  Water-melon  Oil 


Specific  Gravity. 

Sapoiiilication  Value. 

Iodine  Value. 

Observer. 

At  20°  0. 

Mgrms.  KOH. 

Per  cent. 

0-9160 
(water  at  4°  =1) 

0-9233  2 
(water  at  20°  =  1) 

0-9219  3 

189-7 
191-8  ;  2  189-9  » 

118 

121-1  ;  2  121-8  3 

Wijs 

Power  and  Salway 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Solidifying 
Point. 

Melting 
Point. 

Neutralisation 
Number. 

Saponification 
Value. 

Mean 
Molecular 
Weight. 

Iodine 
Value. 

"C. 

°C. 

Mgrms.  KOH. 

Mgi'ins.  KOH. 

Per 
cent. 

Titer  Test. 
32 

34 

197-1 

197-1 

284-1 

122-7 

The  oil  gives  neither  the  Halphen  nor  the  Baudouin  reactions. 


SENAT  SEED  OIL 

Gucumis  Chate,  L.,  the  senat  plant  grown  in  the  Anglo-Egyptian 
Sudan  as  a  cultivated  plant  (and  also  occurring  widely  as  a  weed), 
contains  30  to  38  per  cent  of  a  pale  yeUow  oil,  furnishing  the  following 
characteristics  :  * — 

1  Zeiis.  f.  Unters.  d.  Nahrgs-  u.  Genussm.,  1903,  492. 
^  Expressed  oil.  ''^  Extracted  oil. 

*  Bull.  Imi).  Inst.,  1913,  66. 
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0(7— 

Specific  gravity  at  15/15°  C   0-924 

Saponification  value   .....  187-192 

Iodine  value    ......  11 7-128-5 

Fatty  Acids — 

Insoluble  acids -)- unsaponifiable      .         .         .  96-6 

Titer  test   30-3 


MELON  SEED  OIL  ^ 

Frencli — Huile  de  melon,  huile  de  petit  heraff  (berejf). 
German — Melonendl.    Italian — Olio  di  mellone. 


Physical  and  Chemical  CJiaracteristics  of  Melon  Seed  Oil 


Solidifying  Point 

•c. 

Melting  Point. 
°C. 

Saponification 
Value. 

Iodine  Value. 

5-5 

5 

193-3 

101-5 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Solidifying  Point. 
°  C. 

Melting  Point. 
°C. 

36 

39 

Melon  oil  is  obtained  from  the  seeds  of  Cucumis  melo,  L.,  which 
torm  an  article  of  commerce  on  the  Slave  Coast  and  Gold  Coast  of 
West  Africa.  The  seeds  examined  by  Fendler  contained  43-8  per  cent 
of  oil. 

The  specimen  of  oil  examined  had  the  acid  value  of  4-81. 

Lidoff  describes  a  melon  seed  oil  obtained  in  the  south  of  Russia 
by  expression.  The  oil  is  used  for  edible  purposes,  but  is  not  an  article 
of  commerce.  The  numbers  obtained  by  Lidoff  deviate  so  much  from 
those  given  for  both  water-melon  oil  and  melon  seed  oil  that  they  have 
not  been  admitted  into  the  tables.    His  results  are  as  follows  : — 


Yield  of  oil  by  extraction  .  .  .  29-4  per  cent 
Specific  gravity  of  the  oil  at  15-25°  C.  .  0-9276 

Saponification  value  ....  190-5 
Iodine  value  .....  133'3 
Percentage  of  insoluble  acids  +  unsaponifiable 

matter  .....  95-3  per  cent 
Iodine  value  of  the  fatty  acids  .  .128 

Viscosity  at   70°  C.  in  Englor's  apparatus 

(water=l)    .         .         .         .  .8-9 
Acid  value  of  the  sample        .         .         .  1'37 


Zeils.  f.  (Inters,  d.  Nahrgs-  u.  Oenussm. 


,  1903,  1025, 
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Licloff  also  found  a  high  acetyl  value.  His  conclusion,  that  the  pro- 
portion of  hydroxy  acids  in  the  oil  is  large,  must  be  accepted  with  reserve 
(op.  Vol.  I.  Chap.  VI.). 

The  oil  from  the  seeds  of  Indian  Cucwmis  sativus  {Hooper  ^)  has 
the  following  characteristics  : — 

Oilr— 

Specific  gravity  at  16°  C.      .         .         .  0-924  ;  0-923 

Saponification  value   ....  195-2  ;  196-9 

Iodine  value    .....  117-6 ;  118-5 

Reichert-MeissI  value  .         .         .         .  0-62 

Fatty  Acids — 

Insoluble  acids  -f  unsaponifiable      .         .  94-2 ;  94-6 

Titer  test         .....  35-5°  C. 

Acid  value  of  the  specimen  examined       .  \\-5 


MAIZE  OIL,  CORN  OIL 

French — Huile  de  mais.  German — Maisol.  Italian — Olio  de  mais, 

Olio  di  granturco. 

For  tables  of  characteristics  see  pp.  169,  170. 

The  germs  of  the  maize  plant,  Zea  Mays,  L.,  from  which  this  oil  is 
obtained,  are  recovered,  in  the  process  of  manufacturing  starch,  by 
sifting  and  winnowing  from  the  starch  granules  in  which  they  are 
imbedded.  The  oil  is  therefore  a  by-product  of  starch  and  glucose 
works  using  maize  ("  corn  ")  as  their  raw  material. 

Formerly  maize  oil  was  obtained  as  a  by-product  in  the  alcohol 
distilleries.  When  the  malted  and  crushed  grain  was  allowed  to 
ferment,  the  oil  was  laid  bare  and  rose  to  the  top  in  the  fermentation 
vats.  Before  distilling  off  the  alcohol,  the  oil  was  ladled  off  and  purified 
in  a  crude  fashion  by  washing,  filtering,  and  "  settling."  Since,  how- 
ever, the  presence  of  the  germ  imparts  an  unpleasant  flavour  to  the 
spirit  obtained  by  fermentation,  and  the  oil  so  recovered  was  very 
impure,  and  had  a  different  character  from  oil  expressed  from  the 
germs,  the  older  process  of  fermenting  the  crushed  grain  has  been 
abandoned.  At  present  the  "  corn  "  is  first  malted,  then  crushed, 
beaten  up  with  water  to  a  fine  pulp,  and  the  germ  separated  from  the 
starch  by  sieving.  The  isolated  germs  are  then  expressed  like  oleaginous 
seeds  in  hydraulic  presses.  In  a  dry  condition  the  germs  contain  53 
per  cent  of  oil,  and  yield  in  practice  about  40  per  cent.^  The  whole 
grain  contains  4-10  per  cent  of  oil.  The  cake,  which  results  as  a  by- 
product in  the  expression  of  the  germs,  is  sold  as  cattle  food  of  somewhat 
inferior  value. 

At  the  St.  Louis  Exhibition,  1904,  the  author  saw  a  collection 
(arranged  by  the  State  of  Illinois),  demonstrating  experiments  made  at 

1  Annual  Report,  Indian  Museum,  1907-1908,  p.  13. 

2  T.  B.  Wagner,  in  the  Journ.  Soc.  Chem.  Ind.,  1909,  342,  states  that  the  germ  con- 
tains 29*6  per  cent. 
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the  Agricultural  Experiment  Station  of  Illinois  at  Champaign,  where 
for  a  number  of  years  it  was  attempted  to  produce  two  kinds  of  grain, 
one  containing  a  large  percentage  of  oil,  and  a  second  containing  small 
percentages  of  oil.  The  result  of  these  experiments,  which  had  been 
protracted  dm-ing  seven  generations  of  seeds,  is  shown  in  the  following 
table  : — 


Year. 

Grains  containing 
High  Percentage 
of  Oil. 

Low  Percentage 
of  Oil. 

1896 

4-70 

4-70 

1897 

4-73 

4-06 

1898 

5-15 

3-99 

1899 

5-64 

3-82 

1900 

6-10 

3-95 

1901 

6-09 

3-43 

1902 

6-41 

3-01 

1903 

6-53 

2-97 

Maize  oil,  if  properly  prepared,  is  clear  yellow  in  colour,  and  does 
not  require  refining  for  commercial  purposes.  If,  however,  the  oil  is 
badly  prepared  and  allowed  to  stand  in  contact  with  albuminoid 
matter  so  that  it  undergoes  a  process  of  fermentation,  whereby  con- 
siderable quantities  of  free  fatty  acids  are  produced  (see  Vol.  I.  Chap. 
I.),  it  acquires  a  dark  colour  and  becomes  unsuitable  for  Hght-colom-ed 
soaps.  Such  oil  is  therefore  bleached  in  soap  works  in  the  same  manner 
as  linseed  oil  (p.  59). 

Freshly-prepared  maize  oil  has  a  pale  yellow  or  golden-yellow  colour, 
and  a  distinctive  odour  ;  its  taste  is  pleasant  at  first,  and  recalls  that 
of  newly  ground  corn-meal.  It  is  therefore  possible  to  identify  the  oil 
by  its  taste  alone. 

Fresh  oil  contains  but  small  quantities  of  free,  fatty  acids,  whereas 
the  oil  recovered  by  the  older  processes  from  the  fermentation  vats 
was  characterised  by  a  large  amount  of  free  fatty  acids.  The  solubilities 
of  the  oil  in  absolute  alcohol,  acetone,  and  glacial  acetic  acid,  are  collated 
in  the  following  table,  due  to  Smith  :  ^ — 


Solubility  of  Maize  Oil  in  100  volumes  of 

Absolute  Alcohol. 

Acetone,  commercial. 

Glacial  Acetic  Acid. 

At  16°  0. 

At  63"  C. 

At  16'  0. 

At  10°  C. 

At  63°  C. 

2 

13 

24 

3 

9 

Maize  oil  is  characterised  by  its  high  amount  of  unsaponifiable 
matter.    Spiiller  ^  obtained  1-35  per  cent,  and  Harl^  1-55  per  cent. 

'  Journ.  Soc.  Chem.  hid.,  1892,  505.  Dingl.  PohjL  Journ.,  264,  626. 

3  Journ.  Soc.  Chem.  hid.,  1894,  257. 
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of  unsaponifiable  matter.  Hopkins  found  in  a  specimen  of  maize  oil 
149  per  cent  of  lecithm  and  1-37  per  cent  of  phytosterol.  A  sample 
of  maize  oil  examined  m  the  author's  laboratory  gave  even  2-32  per 
cent  of  unsaponifiable  matter.  ^ 

The  "  imsaponifiable  "  consists  of  lecithin,  and  of  an  alcohol  which 
was  looked  upon  by  earher  observers  {Hoppe-Seyler,  Hopkins)  as 
cholesterol.  Smce,  however,  purified  crystals  obtained  by  Gill  and 
lujts  from  about  4  kilos  of  maize  oH  melted  at  about  138°-138-3°  C 
and  Its  acetate  at  127-1°  C,  the  alcohol  must  be  sitosterol.  Koniq 
and  Schluckeher  repeatedly  recrystaUised  maize  oH  "  phytosterol  " 
and  obtamed  in  the  sixth,  seventh,  eighth,  and  ninth  successive 
crops  crystals  of  the  melting  points  139-6°,  140-8°  140-4°  and  140-4°  C 

fofo?i7'^^-.  *=''°P  ga^e       acetate  melting  at 

135-8  t.,  and  after  the  third  crystallisation  at  137°  C. 

In  the  elai'din  test,  maize  oil,  like  cotton  seed  oil,  yields  a  mass  of 
buttery  or  pasty  consistence.  The  viscosity  of  maize  oH  has  been 
stated  by  W^nfield  to  be  at  20°  C.  9-79-10-7  times  that  of  water  Taking 
the  viscosity  of  rape  oil  at  100,  the  viscosity  of  maize  oil  works  out  at 
70-4-70-65. 

The  saturated  fatty  acids  in  maize  oil  amount,  according  to  Hopkins, 
to  4-55  per  cent ;  Tolman  and  Munson,  however,  obtained  7-44  per  cent 
of  solid  fatty  acids  by  the  lead-salt-ether  method.  Hence,  Vulte  and 
Gibson's  statement  that  the  mixed  fatty  acids  consist  of  27-74  per  cent 
solid  fatty  acids  and  72-26  per  cent  liquid  fatty  acids,  can  only  be 
explained  by  the  fact  that  the  solid  acids  had  not  been  completely 
exhausted  wnth.  ether.  This  is  confirmed  by  the  further  statement 
that  the  separated  solid  fatty  acids  still  absorbed  54-23  per  cent  of 
iodine. 

According  to  Vulte  and  Gibson  the  solid  fatty  acids  consist  of 
palmitic,  stearic,  and  arachidic  acids,  but  considering  that  Heliner  and 
Mitchell  found  no  stearic  acid  in  maize  oil,  this  statement  stands  in 
need  of  confirmation.  Linolenic  acid  seems  to  be  absent,  since  no 
ether-insoluble  brominated  glycerides  could  be  obtained;  nor  did 
Hopkins^  find  any  linusic  acid  amongst  the  products  of  oxidation. 
The  liquid  fatty  acids  contain  considerable  proportions  of  linolic  acid 
(Leivkowitsch,  see  Vol.  I.  Chap.  VIII.  p.  563).  The  liquid  fatty  acids 
may  be  considered  as  consisting  of  a  mixture  of  linolic  and  oleic  acids. 
SmaU  quantities  of  volatile  fatty  acids  used  to-  occur  in  commercial 
oils,  as  was  evidenced  by  the  high  Reichert  values  of  specimens  obtained 
from  fermentation  processes.  At  present,  however,  the  commercial 
maize  oils  being  prepared  exclusively  by  the  modern  process  are  devoid 
of  volatile  acids.*  The  high  acetyl  value  Lewkowitsch  found,  viz. 
7-8-8-75,  was  due  to  the  same  cause,  although  to  some  extent  at  least 
the  large  amount  of  unsaponifiable  matter  may  account  for  it. 

1  Journ.  Amer.  Cham.  Soc,  1903,  251. 

2  Zeits.f.  Unlers.  d.  Nahrgs-  u.  Genussm.,  1908  (xv.),  652. 
Journ.  Amer.  Chem.  Soc,  1899,  948. 

One  .sample  of  "  distillery  oil  "  stated  to  have  yielded  88-21  per  cent  insoluble  acids 
J- unsaponifiable,  had  the  high  Reichert  value  of  9-9. 
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Maize  oil  is  a  representative  type  of  a  semi-drying  oil ;  it  has  some- 
wliat  better  drying  powers  than  cotton  seed  oil,  but  differs  from  the 
latter  in  that  it  is  not  oxidised  with  equal  energy,  when  finely  sub- 
divided on  cotton  waste,  although  it  "  heats  "  with  sufl&cient  rapidity 
to  render  it  dangerous  as  a  lubricating  oil  (cp.  Vol.  III.  Chap.  XV.). 
In  the  Livache  test  two  samples  of  maize  oil  of  different  origin  gained 
5-97  and  5-19  per  cent  in  seven  and  ten  days  respectively.^ 

No  decided  drying  properties  are  imparted  to  maize  oU  by  sub- 
jecting it  to  the  process  of  "  boiling,"  or  by  the  addition  of  driers. 
If,  however,  a  current  of  air  is  passed  through  the  oil  at  150°  C,  it 
acquires,  on  addition  of  manganese  borate,  some  drying  properties, 
and  a  thin  film  of  the  oU  so  treated  spread  on  lead  (kies  in  from  ten 
to  twenty  horn's  to  a  viscous  mass. 

When  cotton  seed  oU  is  lower  in  price  than  maize  oil,  the  latter 
is  extensively  adulterated  with  cotton  seed  oil.  Although  it  is  easy 
to  differentiate  pure  maize  oil  from  pure  cotton  seed  oU,  the  detection  of 
a  small  proportion  of  maize  oil  in  cotton  seed  oil  by  chemical  tests  is 
at  present  impossible.  Gill  and  Tufts  are  of  the  opinion  that  it  may 
be  feasible  to  detect  cotton  seed  oil  in  maize  oil  by  the  melting  point  of 
the  acetate  of  the  alcohol  isolated  from  the  unsaponifiable  matter. 
From  pure  cotton  seed  oil,  after  recrystallising  the  acetate  six  times, 
crystals  of  the  melting  point  120°-121°  C.  were  obtained  from  a  mixture 
of  90  per  cent  of  cotton  seed  oU  and  10  per  cent  of  maize  oil  crystals 
melting  at  121-5°-122-5°  C,  and  from  a  mixture  of  80  per  cent  of  cotton 
seed  oil  and  20  per  cent  of  maize  oil  crystals  melting  at  124°-125°  C, 
whereas  crystals  from  pure  maize  oU  melted  at  127-1°  C.  Since,  however, 
Bdiner  and  Winter  obtained  sitosteryl  (phytosteryl)  acetate  melting  at 
123°-124°  C.  from  cotton  seed  oil,  further  confirmation  of  the  reliability 
of  the  "  sitosterol  test  "  is  required.  In  the  present  state  of  our  know- 
ledge the  Halphen  colour  test  (in  which  the  colom-  of  maize  oil  remains 
unchanged)  and  a  higher  titer  test  of  the  fatty  acids  than  20°  C,  must 
be  relied  upon  as  indicating  the  presence  of  cotton  seed  oil. 

Well-refined  maize  oil  is  used  for  edible  purposes  (salad  oil).  Since 
its  "  grainy  "  taste  is  objectionable,  the  edible  quality  is  mostly  mixed 
with  edible  cotton  oU  and  other  edible  oils.  Maize  oil  is  also  used  in 
the  manufacture  of  margarine — "  oleo-margarine "  of  the  United 
States — as  also  in  the  manufacture  of  compound  lard  (replacing  cotton 
seed  oil).  Such  maize  oil  as  cannot  be  employed  for  edible  purposes 
is  used  chiefly  in  making  soft  soap,  for  which  it  is  eminently  suitable. 
A  cotton  "  softener  "  largely  used  in  the  United  States  contains  maize 
oil  soft  soap.  For  hard  soaps  of  acceptable  quality  maize  oil  is  not 
suitable. 

The  maize  industry  has  assumed  enormous  dimensions  in  the  United 
States  on  account  of  the  extensive  manufactm-e  of  glucose  ;  conse- 
quently the  amount  of  maize  oil,  which  is  the  by-product  of  this  industry, 
has  also  reached  enormous  quantities.^   Very  large  amounts  of  maize 

^  l\.  Winfield,  Inaug.  Dissert.,  New  York,  1899. 

-  Cp.  T.  B.  Wagner,  "Tlie  American  Industry  of  Corn  Vroduc.U,"  Journ.  Soc.  Vheni. 
Ind.,  1909,  342;  also  W.  P.  KaiiI'miinii,  "  Maizu  Products,  and  Maize  Starch  and  its 
Producta,"  Jmvm.  Soc.  Chem.  Ind.,  1910,  527. 
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Oil  are  also  imported  from  the  Ai-gentine  and  are  beginning  to  come  in 
from  the  south  of  Afi-ica.  Large  quantities  of  maize  reach  this  country 
tor  brewmg  purposes  ;  maize  oU  is  recovered  therefrom  in  not  in- 
considerable quantities  as  a  by-product,  although  a  great  portion  of 
the  germs  is  sold  as  cattle  food. 

To  indicate  the  extent  to  which  maize  oil  has  been  employed  in 
Europe  for  soap-making,  the  following  statistical  data  may  be  quoted  :— 

Cffrn  Oil — Exports  from  the  United  States  of  America,  1902-1912 


Year. 


1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


Gallons. 


4,266,398 
3,778,035 
3,222,875 
3,108,917 
3,833,251 
3,568,571 
2,717,804 
2,656,703 
1,228,188 
2,751,825 
2,594,146 


Value. 
Dollars. 


1,769,370 
1,467,493 
998,613 
890,937 
1,172,206 
1,411,556 
1,052,310 
1,293,580 
643,392 
1,573,605 
1,526,931 


(It  is  noteworthy  that  in  consequence  of  the  lower  prices  of  cotton 
oil_  ruling  in  the  years  1902  and  1903,  the  import  of  maize  oil  into 
this  country  almost  ceased  in  those  years.)  Lower  qualities  are  used 
as  a  burning  oil.  The  oil  has  also  been  recommended  for  lubricating, 
but  on  account  of  its  gumming  properties  it  cannot  be  usefully  employed 
for  this  purpose.  Notwithstanding  many  statements  to  the  contrary, 
maize  oil  cannot  be  used  as  a  paint  oil  on  account  of  the  poor  drying 
properties  which  paints  prepared  with  this  oil  possess.  It  found, 
however,  extensive  employment  in  the  United  States  for  the  manu- 
facture of  vtdcanised  maize  oil,  before  soya  bean  oil  took  its  place. 


TOMATO  SEED  OIL 

French — Huile      tomate.  German — Tomatosamenol. 
Italian — Olio  di  pomodoro. 

•  In  view  of  the  large  quantities  of  tomato  seeds  (from  Lycopersicum 
esculentum.  Mull)  obtainable  as  a  by-product  in  the  manufacture  of 
tomato  pulp,  it  is  not  unlikely  that  the  preparation  of  this  oil  will  be 
undertaken  commercially  in  Italy.  Thus  in  the  province  of  Parma 
alone  13,000  tons  of  tomatoes  were  treated  in  1908,^  yielding  about 
3000  tons  of  seeds  containing  18  per  cent  of  oil.  Indeed,  several 
proposals  have  been  made  to  that  effect. 


'  p.  Accomazzo,  L' hidiistria  chimica,  1910,  360. 
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Tke  following  characteristics  were  ascertained  by  Battaglia  ^  and 
by  J.  Kochs  :  ^— 


Kochs. 

Battaglia. 

xjUuVro-reiraiCtoiiieLer    Qegrecs  *u 

0-920 
below  - 12°  C. 
183-6 
117-8 

0-22 

2-68  per  cent 

0-922 

196-4 
106-9 

Fatty  Acids — 

Insoluble  fatty  acids  +  unsaponifiable 
Melting  point  (capillary  tube)  . 

26°  to  29°  C. 
199-5 
129-6 

95-1 

112-0 
1-473 

Battaglia  identified  amongst  the  fatty  acids,  myristic,  stearic,  oleic, 
and  linolic  acids. 


PERSIMMON  SEED  OIL  ^ 

French — Huile  de  plaqueminier  de  Virginie.  German — Dattelpflaumendl. 

Italian — Olio  di  diospiro. 

For  tables  of  characteristics  see  p.  174. 

This  oil  is  obtained  from  the  seed_  of  Diospyros  virginiana,  L.*  It 
has  a  brownish-yellow  colour  ;  its  taste  and  smell  recall  that  of  arachis 
oil  produced  by  expression  in  the  hot. 

The  oil  contains  9-11  per  cent  of  solid  acids  of  the  mean  molecular 
weight  298,  and  85-5  per  cent  of  liquid  acids  of  the  mean  molecular 
weight  285.  No  arachidic  acid  could  be  detected  amongst  the  solid 
acids. 

'  Les  Gorps  gras,  1901,  135. 

-  Jahresh.  d.  Vermchs  d.  k.  Odrlnerlehranst.  fur  1900-1907 ,  Dalilein. 
^  N.  J.  Lane,  Journ.  fine.  Chem.  Ind.,  lOOT),  390. 

■*  With  regard  to  stiulios  on  the  ripening  of  persimmons  from  the  Virginian  and 
Japanese  species  (Diospyros  Kaki)  op.  Bigelow,  Gore  nnd  Howard,  J  num.  Amcr.  Chem. 
Sor.,  1906  (28), -688. 
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Physical  and  Chemical  Characteristics  of  Persimmon  Seed  Oil 


Specific 
Grarity. 

Solidifying 
Point. 

Melting 
Point. 

Saponification 
Value. 

Iodine 
Value. 

At  15*  C. 

"C. 

°  C. 

Mgrms. 
KOH 

Per  cent. 

0-92437 

-11 

-6 

188 

116-8 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble 
Acids 
+ Unsa- 
poniflable. 

Specific 
Gravity. 

Solidi- 
fying 
Point. 

Melting 
Point. 

Neutralisa- 
tion 
Value. 

Mean 
Molecular 
Weight. 

Iodine  Value 

of  Liquid 
Fatty  Acids. 

Per  cent. 

At  15°  C. 

•0. 

•c. 

Mgrms. 
KOH. 

95-9 

0-9033 

20-2 
(Titer 
Test) 

20-2 

1927 

291-5 

134-135 

WHEAT  OIL 

French — Huile  de  ble.  German — WeizenJcernol, 
Italian — Olio  di  germi  di  grano. 

For  tables  of  characteristics  see  p.  175. 

Wheat  oil  is  contained  in  the  germs  of  the  vrheat  grains  to  the 
extent  of  12-5-17-5  per  cent  (1  to  1-8  per  cent  of  the  vrhole  grain). 
One  ton  of  germs  yields  about  280  lbs.  of  oil.^ 

In  the  fresh  state  the  oil  is  pale  yellow  and  has  the  characteristic 
odour  of  wheat  meal.  It  is  insoluble  in  absolute  alcohol  in  the  cold, 
but  dissolves  in  30  parts  of  hot  absolute  alcohol.  At  65°  C.  it  is  soluble 
in  an  equal  volume  of  glacial  acetic  acid. 

The  oil  easily  turns  rancid  (most  likely  owing  to  the  presence  of 
an  enzyme  ;  cp.  "  Rice  Oil  ")  and  thereby  becomes  dark  brown.  A 
freshly  extracted  specimen  contained  5-65  per  cent  of  free  fatty  acids 
(calculated  to  oleic  acid)  ;  after  one  year  the  same  sample  contained 
43-86  per  cent.  Oils  from  different  kinds  of  germs  behave  differently 
(cp.  the  numbers  given  in  the  tables). 

The  specimen  examined  by  Franhforter  and  Harding  contained 
2  per  cent  of  lecithin  and  2-5  per  cent  of  sitosterol.  The  high  percentage 
of  both  lecithin  and  alcohol  shows  the  relationship  of  this  oil  to  maize 
oil. 

This  oil  is  not  identical  with  wheat-meal  oil  (cp.  p.  293). 

1  Chem.  Revue,  1904,  128. 
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DATURA  OIL,  THORN  APPLE  SEED  OIL 

Fvench—Huile  de  datura.    Gej^man—Stechapfeldl,  Baturaol. 
Italian — Olio  di  stramonio. 

The  air-dried  seeds  of  Datura  Stramonium,  L.  (thorn  apple),  contain 
a  tatty  oil,  wluch  occurs  therein  to  an  extent  of  25  per  cent  (Chez)  ■ 
16-7  per  cent  [Holde)  ;  18-7  per  cent  {Meyer  and  Beer). 

The  oU  prepared  by  H.  Meyer  and  R.  Beer  has  a  light  yellow-greenish 
colour  and  a  characteristic  smeU.  At  20°  C.  it  thickens  without  how- 
ever soUdifymg.  After  standing  for  a  prolonged  time  in  the  cold  a 
small  amount  of  "  stearine  "  melting  at  60°  C.  separated  out.  The 
acid  value  of  the  specimen  examined  by  H.  Meyer  and  R.  Beer  was  8-1. 

Gerard  first  isolated  from  this  oil  (margaric)  datmic  acid,  C^Hg^Og, 
and  although  its  existence  was  doubted  ^  and  it  was  looked  upon  as  a 
mixture  ^  of  acids  of  molecular  weight  fi-om  280  to  291,  its  individuality 
and  occurrence  in  datm-a  oil  has  been  placed  beyond  doubt  bv  Meyer 
and  Beer.^ 

The  approximate  composition  of  the  fatty  acids  in  datura  oil  is, 
according  to  these  authors,  as  follows  : — 

Palmitic  acid 
Daturic  acid  . 
Oleic  acid 
Linolic  acid  . 

It  would  appear  that  small  quantities  of  fatty  acids  of  a  molecular 
weight  exceeding  320  are  also  present.  Neither  stearic  acid  nor  linolenic 
acid  nor  any  volatile  acids  could  be  detected.  The  oil  contains  further 
•  1-01  per  cent  of  unsaponifiable  matter,  yielding  a  phytosterol  melting 
after  recrystaUisation  at  128°  C. 

When  heated  to  50°  C.  in  a  thin  layer  for  thirteen  hours,  the  oil 
forms  a  firm  skin ;  at  the  ordinary  temperature  it  only  begins  to  show 
signs  of  drying  after  35  days. 

The  viscosity  of  the  oil  in  Engler's  viscosimeter  is  9  compared 
with  water  at  20°  C. 


10-0  per  cent 
2-5  „ 
62-0  „ 
160 


Physical  and  Chemical  Characteristics  of  Datura  Oil 


Specific  Gravity 
at  15°  C. 

Solidifying  Point. 

Saponification 
Value.  Mgrms. 
KOH. 

Iodine  Value. 
Per  cent. 

Observer. 

0-9228 

Cloez  « 

0-9175 

thickens  at  - 15° 

186 

113 

Holde 

0-923 

- 12° 

202 

113-2 

Meyer  and  Beer 

1  Holde,  Mitt.  d.  Konigl.  Tech.  Versucha.,  1902,  20  (2),  66.  Cp.  also  Ibid., 
1903  59. 

■^'lieriMe,  1905,  1252.  ^  Monatsh.  f.  Chcm.,  1910  (31),  1239. 

*  Ann.  de  chim.  et  dephys.,  1892  (27),  651. 
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The  oil  from  Datura  metel  which  furnishes  the  "  metel  nuts,"  known 
to  the  natives  of  East  Afi-ica  for  their  medicinal  properties/  has  been 
described  by  F.  Suzzi.^  The  seeds  contain  15-27  per  cent  of  a  pale 
yellow  oil  having  a  peculiar  odour  and  an  unpleasant  taste.  Suzzi 


gives  the  following  characteristics 


Oil— 

Specific  gravity  at  16° 
SoHdifjdng  point 
Saponification  value  . 
Iodine  value 
Maumene  test  . 


C. 


0-9225 

12-15°  C. 
198-4 
116-2 

74-8°  C. 


Fatty  Acids — 

Solidifying  point  (titer  test) 
Neutralisation  value  . 
Saponification  value  . 
Mean  molecular  weight 


22-3°  C. 
195-1 
196 
286-2 


The  oil  gives  neither  the  Halphen  nor  the  Baudouin  test, 
used  as  a  burning  oil  in  Erythrea  (Italian  East  Africa). 


It  is 


BEECHNUT  OIL 


French — Huile  de  fame.  German — Buchekemol. 

I Italian — Olio  di  faggio. 
For  tables  of  characteristics  see  p.  178. 
Beechnut  oil  is  obtained  from  the  fruit  of  the  red  beech-tree,  Fagus 
sylvatica,  L.  The  fi-uit  consists  of  33  per  cent  of  husks  and  67  per  cent 
of  kernels  ;  the  latter  contain  43  per  cent  of  oil.  The  oil  is  prepared 
in  small  installations  on  the  Continent,  as  obviously  it  cannot  be 
obtained  in  large  quantities.  (A  patent  ^  was  taken  out  in  this  country 
as  early  as  1713  for  the  manufacture  of  beechnut  oil,  but  at  present 
the  oil  is  not  produced  in  this  country.)  The  cold-drawn  oil  obtained 
from  the  shelled  kernels  is  of  pale  yellow  colour  and  fi-ee  from  unpleasant 
taste.  This  quality  of  oil  is  used  for  culinary  purposes,  whereas  that 
expressed  at  a  higher  temperature  is  employed  as  burning  oil. 

Beechnut  oil  is  stated  to  be  used  as  an  adulterant  of  almond  oil ; 
its  presence  may  be  detected  by  determining  the  iodine  value  of  the 
sample. 

'  Tlie  .seeds  contain  Iiyoscyamiiiu  and  sconohiiiiine  (E.  Schmidt,  Arch.  d.  Pkarm,, 
1910  (218),  641. 

-  /  &mi  nhosie  gli  nl).     Published  for  the  Milan  Exhibition,  1906. 
■'  Aaron  Hill,  English  iiatent  393,  1713. 
VOL.  II  N 
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KAPOK  OIL 


French — Huile  de  Jcapoch  ;  huile  de  capoquier.  German — Kapohol. 

Italian — Olio  di  kapok. 

For  tables  of  characteristics  see  p.- 180. 

Kapok  oil  is  obtained  by  expressing  the  seeds  of  Eriodendron 
anfmctuosum,  D.C.i  =  Bombax  pentandrum,  L.),  and  Bomhax  Ceila 
{  =  Bombax  malabaricum,  B.C.).  Both  trees  are  indigenous  to  the 
tropics.  E.  anfmctuosum  grows  in  great  profusion  in  the  East  and 
West  Indies,  the  Malayan  Aichipelago,  Indo-China  (Cochin-China 
and  Cambodja),  Mexico,  the  Antilles,  Guiana,  and  Africa  (Madagascar, 
Senegal,  Ivory  Coast,  Dahomey,  Nigeria). ^  In  Nigeria  the  tree  is 
known  as  "  cotton  tree  "  and  "  silk  cotton  tree."  The  seeds  are  of  the 
size  of  peas  ;  they  are  enclosed  in  a  hard  black  shell,  forming  about 
40  per  cent  of  the  seeds.  The  plant  is  related  to  the  cotton  plant ; 
the  hairs  covering  the  fruit  resemble  cotton,  although  they  have  neither 
the  strength  nor  the  staple  of  the  latter. ^  Kapok  hair  is  used  as  a 
substitute  for  horse-hair  in  upholstery  (for  filling  mattresses,  cushions, 
life-belts,  etc.). 

The  seeds  are  free  from  hairs,  hence  they  do  not  offer  the  same 
difficulty  which  cotton  seed  presents  to  the  seed-crusher.  A  light 
crushing  between  rollers  and  winnowing  through  sieves,  assisted  by 
a  current  of  air,  separates  the  husk  from  the  kernel.  The  seeds  have 
the  following  average  composition  : — 


OU  .  . 

Water 
Ash  . 

Crude  fibre  . 
Albuminoids 
Carbohydrates,  etc 


24-20  per  cent 
11-85 
5-22  „ 
23-91 
18-92 
15-90 


Kapok  seed  is  expressed  on  a  commercial  scale  in  Holland  ;  the 
yield  of  the  oil  from  the  whole  seed  is  17-8  per  cent  on  a  manufacturing 
scale. 

The  oil  has  a  greenish-yeUow  colour  and  a  not  unpleasant  taste 
and  odour.  ,  i 

The  numbers  given  in  the  table  of  characteristics  in  the  last  edition 
of  this  work  ^  show  very  great  differences,  especially  as  regards  the 
saponification  and  iodine  values.  The  Reichert  value  as  also  the 
Acetyl  value  given  by  Philippe  appear  so  extraordinary  that  the 
author  considered  it  best  to  ignore  them  in  this  present  table  of 
characteristics.    Renewed  examination  of  the  oil  is  desixable. 

'  Cp.  M.  Miicke,  Der  PJlanzer,  1908,  290,  305  ;  "  Kiipok  iiiul  its  C'liltivntion,"  Bull. 
Imp.  /nsl.,  1911,  121. 

Journ.  Soc.  Ar/j,,  1893,  1030  ;  Joimi.  S»c.  Chem.  hid.,  1894,  147. 
•*  Vol.  II.  p.  142. 
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The  mixed  fatty  acids  consist,  according  to  Philippe,  of  30  per  cent 
of  solid  fatty  acids,  and  70  per  cent  of  liquid  fatty  acids  (determined 
by  the  lead-salt- ether  method).  The  solid  acids  consist  exclusively 
of  palmitic  acid.  On  standing,  kapok  oil,  like  cotton  seed  oil, 
deposits  "  stearine."  The  great  resemblance  of  kapok  oil  to  cotton 
seed  oil  is  further  accentuated  by  the  great  similarity  of  the  colour 
reactions  of  the  two  oils.  Thus  kapok  oil  gives  with  nitric  acid  a 
similar  reaction  to  that  which  cotton  seed  oil  shows ;  in  the  case  of 
kapok  oil  the  tint  is  stated  to  be  more  greenish-brown  than  reddish- 
brown.  The  most  characteristic  colour  reaction  of  cotton  seed  oil — • 
the  Halphen  test — ^is  also  given  by  kapok  oil.  This  fact  deserves 
attention  on  the  part  of  the  analyst.  It  should,  however,  be  distinctly 
noted  that  a  sample  of  kapok  oil  extracted  by  the  author  from  genuine 
seeds  of  Eriodendron  anfractuosum  did  not  exhibit  the  Halphen  reaction. 
Perhaps  this  may  be  due  to  the  oil  having  stood  before  testing  about 
thirteen  months. 

Kapok  oil  is  used  in  its  home  for  edible  purposes.  Seeds  imported 
from  Java  are  crushed  in  Holland,  and  the  oil  is  used  for  soap-making 
as  a  substitute  for  cotton  seed  oil.  Attempts  have  been  made  in 
Marseilles  to  crush  Kapok  seed. 

The  oil  is  easily  saponified  and  is  thrown  out  of  the  paste  by  salt 
solution.^ 


COTTON  SEED  OIL 

French — Huile  de  colon.  German — Baumwollsamenol,  Cottonol. 
Italian — Olio  di  cotone. 

For  tables  of  characteristics  see  pp.  188-190, 

Cotton  seed  oil  is  expressed  on  a  very  large  scale  from  the  seeds 
of  the  various  kinds  of  the  cotton  tree,  Gossypium.  The  species  culti- 
vated extensively  in  the  United  States  is  Gossypium  hirsutum,  L. 
("  Upland  cotton  "  covered  with  "  linters  "),  whereas  the  plant  grown 
in  the  Sea  Islands  and  in  Egypt  is  Gossypium  harbadense,  L.  During 
the  last  decade  East  India  (Bombay)  seed,  as  also  Levantine  (Smyrna, 
Mersyne,  Alexandretta),  Brazilian  ^  (Maranhao,  Savanilla,  Pernambuco), 
Peruvian  (Payta),  Russian  (Samarkand,  Ferghana),^  and  West  African 
(Nigeria)  seed  has  come  into  the  European  markets.  The  Indian 
species  are  generally  assumed  to  be  G.  neglectum  and  G.  arboreum,  but 
it  should  be  pointed  out  that  they  are  not  well  defined. 

'  Cp.  E.  Boutoux,  Matures  grasses,  1910,  1828. 

^  Cotton  in  Brazil  is  chiefly  f^rown  in  the  Norlhern  Stales — Pcrniiinbuco,  Ceara, 
Sergipe,  Marankao,  Rio  Grande  du  Norte  ;  Middle  Stales — San  Piiulo,  Minas  Geraes, 
Rio  de  Janeiro. 

'  In  the  Ferghana  district  the  production  of  cotton  seed  oil  has  reached  the 
dimensions  of  a  considerable  industry.  In  the  year  1902  there  were  already  six  seed- 
crushing  mills.  In  the  year  1908  there  were  opened  live  more  oil  nulls,  intended  to  pro- 
duce about  2.')  tons  of  oil  per  day.  In  1911  there  were  in  active  operation  30  mills 
(see  p.  192).    Cotton  cake  is  e.xportcd  from  Russia  to  the  continent  of  Europe. 
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The  species  grown  in  the  Levant  are  most  likely  identical  with 
those  grown  in  India.  The  Brazilian  species  of  Gossypium  grown  in 
Peru  and  Brazil  is  most  likely  the  cultivated  species  of  G.  peruvianum, 
Cav.i    The  Brazilian  seeds  belong  to  the  naked-seeded  variety. 

In  order  to  show  the  enormous  extent  which  the  cotton  seed  and 
cotton  seed  oil  industry  has  reached  during  the  last  thirty  years,  I 
append  the  following  table,  giving  official  statistics  of  the  United  States 
of  America  : — 


^  The  author  cannot  accept  any  responsibility  for  the  correctness  of  tlie  botanical 
species  of  Gossypium  assigned  above  to  the  diHerent  seeds,  inasmuch  as  the  highest 
botanical  authorities  are  at  variance  with  regard  to  the  different  species  (op.  Todaro, 
Jielazione  sui  Cotoni  coltivali  nel  R.  orlo  botanico  di  Palermo,  Palermo,  187C  ;  Wiesner, 
Die  Rohstofe  des  PJianzenreiches,  vol.  ii.  p.  233).  Recently  G.  Watt  published  The 
Wild  and  Cultivated  Cotton  Seed  Plants  of  the  World  :  A  Revision  of  the  Oenus 
Oossypium;  but  "since  his  classification  is  based  on  herbarium  species,"  "numerous 
en-ors"have  been  stated  to  occur  in  his  work  (Fletcher,  Nature,  January  16,  1908). 
It  is,  moreover,  contended  that  Watt's  classilication,  being  based  on  the  presence  or 
absence  of  a  fuzzy  covering  to  the  seed  below  the  cotton  (such  as  is  found  in  the  "  upland  " 
seed  of  the  United  States  of  America  and  the  Indian  and  Levant  seed),  must  lead  to 
failure,  for  every  cultivated  species  of  cotton  comprises  the  two  varieties,  viz.  one  bear- 
ing  a  fuzzy  seed  and  another  which  bears  a  naked  seed.  Thus  Fletcher  lias  shown  that 
by  cultivating  fuzzy-seeded  American  cotton  seed  in  India  he  has  been  able  to  convert  it 
into  a  naked-seeded  variety  in  a  few  genei'ations  by  a  simple  process  of  growing  it  under 
irrigation  in  well-manured  soil.  That  such  a  chauge  occurs  is  well  known  to  cultivators 
in  the  West  Indies  and  other  parts  of  the  world.  For  a  vindication  of  Watt's  statements 
by  D.  Prain,  see  Nature,  February  6,  1908,  p.  318. 

In  view  of  the  discrepancy  of  opinion  amongst  botanists,  I  applied  to  the  Imperial 
Institute  for  an  authoritative  statement.  The  expert  of  the  Imperial  Institute,  Mr. 
E.  Goulding,  writes  as  follows  : — 

"  The  whole  question  of  the  botanical  classification  of  cotton  is  in  a  very  confused 
state.  This  is  no  doubt  mainly  due  to  the  cultivation  of  the  plant  for  extensive  periods, 
and  the  consequent  gradual  modification  of  the  distinctive  characters  of  the  original 
species. 

"  American  Cottons. — The  ordinary  Upland  cotton  is  fairly  generally  considered 
to  be  derived  from  Gossypium  hirsuf.um.  Linn.  Some  authorities,  however,  are  of 
opinion  that  it  is  derived  from  G.  herhaceum,  Linn.,  whilst  others  regard  these  two 
species  as  identical.  In  'The  Cotton  Plant,'  Bulletin  No.  33,  Office  of  Experiment 
Stations,  United  States  Department  of  Agriculture,  the  following  statement  is  made  on 
this  point — 'The  weight  of  opinion  seems  to  be  that  the  species  is  either  (i.  herbaceum  or 
G.  hirsutum,  and  as  these  are  considered  synonymous,  their  description  is  combined  under 
the  name  of  the  former.'  Sea  Island  cotton  has  usually  been  regarded  as  G.  barbadense, 
but  is  considered  by  Watt  to  be  a  hybrid  form. 

"Egyptian  Cottons. — The  Egyptian  cottons  probably  cannot  be  referred  to  any 
particular  species,  but  are  mostly  hybrid  forms  of  G.  barbadense  with  other  species. 
Most  commonly,  Egyptian  cottons  are  regarded  as  G.  barbadense,  hut  Watt  places  thorn 
under  G.  peruvianum,  Cav.,  which  some  authorities  consider  as  synonymous  with 
G.  barbadense. 

"Indian  Cottons.— With  reference  to  these  varieties  Professor  G.  A.  Gammie,  of  the 
College  of  Science,  Poona,  writes  in  his  monograph  on  'The  Indian  Cottons'  : — '  It  is 
clearly  evident  that  we  have  .at  the  most  only  one  true  species  of  cotton  in  India, 
Gossypium  ohtusifolium,  with  its  two  sub-species,  G.  arboreum  and  G.  herbaceum.  Other 
botanists,  however,  regard  the  Indian  cottons  as  derived  from  various  distinct  species, 
including  G.  herbaceum,  G.  neglectum.,  G.  Wightianum,  and  G.  arboreum.' 

"Brazilian  and  Peruvian  Cottons. — Brazilian  cotton  is  generally  considered  to  be 
the  product  oi  G.  brasiliense,  Macf.,  and  Peruvian  cotton  that  of  G.  peruviaimm,  Cav." 

The  Mexican  cotton  tree  "caravonika"  is  a  cross  between  a  long  fibre  Mexican  cotton 
and  a  more  coarse  Peruvian  longstaple  cotton.^  Experiments  have  been  made  with 
"Caravonika  in  Algeria  since  1907,  side  by  side  with  the  Egyptian  Afifi,"  and  have  fur- 
nished satisfactory  results. 


1  ZeiUchr.f.  angew.  Chem.,  IflOO,  240,3. 
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The  following  table  gives  the  results  of  the  official  census,  published 
by  the  United  States  Government : — 


Census. 

1900. 

1S99. 

809 

717 

357 

3,827,300 
$78,112,000 
$20-41 
4,731 

3,345,400 
$51,879,000 
$15-51 
4,666 

2,479,400 
$28,633,000 
$11-55 
6,945 

$107,538,000 
$133,000 

$69,311,000 
$97,000 

$42,412,000 
$119,000 

158,328,500 
$55,328,000 
$0-35 

133,817,800 
$31,342,000 
$0-23 

93,325,700 
$21,391,000 
.$0-23 

1,674,500 
$40,493,000 
$24-18 

1,360,000 
$27,767,000 
$20-42 

884,400 
$16,031,000 
$18-13 

1,209,200 
$7,711,000 
$6-08 

1,213,000 
$5,589,000 
$4-61 

1,169,200 
3,189,000 
$2-73 

175,512,100 
$4,006,000 
$0-023 

117,793,000 
$4,613,000 
$0-039 

57,272,000 
$1,801,000 
$0-031 

Number  of  active  establishments 
Seed,  crushed  : — 

Quantity,  tons  .... 

Cost  

Average  cost  per  ton     .      .      .  . 
Average  crush  per  establishment,  tons 
Crude  products  : — 

Total  value  .... 
Average  value  per  establishment 
OU— 

Quantity,  gallons 

Value  .... 

Average  value  per  gallon 
Meal  and  cake — 

Quantity,  tons 

Value  .... 

Average  value  per  ton 
HuUs— 

Quantity,  tons 

Value  .... 

Average  value  per  ton 
Linters — ■ 

Quantity,  pounds 

Value  .... 

Average  value  per  pound 


It  will  be  seen  that  the  figures  given  in  this  table  are  not  identical 
with  those  given  in  table,  p.  183 ;  this  is  partly  due  to  the  fact  that  the 
foregoing  table  refers  to  the  years  ending  December. 

The  several  States  in  which  cotton  seed  oil  is  grown  and  crushed 
are,  arranged  in  the  order  of  their  production,  the  following  : — Texas, 
Georgia,  Mississippi,  Louisiana,  Arkansas,  South  CaroHna,  Tennessee, 
North  Carohna,  Alabama,  Indian  Territory,  Oklahoma,  Missouri, 
Florida.  All  the  other  States  together  produce  less  than  Florida,  whose 
production  is  quite  insignificant  compared  with  that  of  Texas. 

Comparatively  small  quantities  of  American  seed  are  exported, 
as  may  be  gathered  from  the  table,  which  states  the  quantities  of  cotton 
seed  imported  by  the  United  Kingdom  during  the  last  ten  years  : — 


[Table 
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1911, 

to  (N       03  O  O  00  <N  CO  (N  CO  3^  rH       00  00  CO  <M  05 
•ININOSlOCOC-CO'OtN'— IC~OCO  Tt(^(M(MOO 
g  OOi— iC0000005<MOO-*t~'— .C-C5>O<N00 

.5        ojoom"    i>     lOr-Tc-^    i-i"  •  cococoTf 

IT'                05                     CO       03  <N 
<N  1—1 

596,370 

litlO. 

O       05  (N  CO  00  C- CO  00  <M  <M  (N       CO  C- O  ■>!< 
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The  bulk  of  the  Egyptian  cotton  seed  comes  to  England  Thus 
ot^'^'^^^         shipped  from  1st  September  1906  to  31st  August 
1907,  382,542  tons  were  sent  to  England.    The  quantities  of  Egyptian 
seed  received  m  the  several  ports  are  stated  in  the  following  table  ■— 


Egyptian  Cotton  Seed  shipped,  1910-1911 

To 

England  .... 
English  Dependencies  in  the  Mediterranean 
English  Dependencies  in  the  East 
Germany 

China  and  the  East 
United  States  of  America 
France  . 
Greece  . 


Holland 
Italy  . 
Wassana 
Portugal 
Turkey  . 


Total 


Tons. 
530,218 
10 
60 

240,190 
349 
24 
30,219 
68 
651 
13 
2 
2 
52 


801,858 


The  re-export  of  seed  from  the  United  Kingdom  is  quite  insignificant ; 
it  reached  in  1906-1907  only  350  tons  per  annum. 

The  quantity  of  cotton  seed  oil  exported  from  the  United  Kingdom 
is  compafatively  small,  most  of  the  cotton  seed  oil  being  consumed 
at  home.  The  cotton  seed  oil  exports  are  detailed  in  the  following 
tables : — 

Cotton  Seed  Oil  exported  from  the  United  Kingdom 


To 


Turkey  .  .  .  . 
United  States  of  America 
Germany 
Holland  . 
Belgium  . 
Egypt  . 
Morocco  . 

French  West  Africa 
Other  foreign  countries 
British  posse.ssions  . 

Total  . 


inio. 

1911. 

1912. 

Tons. 

Tons. 

Tons. 

1,500 

1,040 

1,162 

7,650  » 

1,835 

383 

3,897 

3,504 

2,656 

6,290 

4,537 

4,160 

3,624 

3,981 

3,947 

213 

25 

367 

155 

477 

677 

1,303 

1,552 

1,296 

1,789 

2,123 

1,580 

901 

1,426 

962 

27,322 

20,500 

17,190 

[Table 
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The  importations  of  cotton  seed  into  France  are  stated  in  the 
following  table  : — 


Year  iuiia. 

1900    50,125 

1901   46,959 

1902  .         .         .       •  .         .         .  44,747 

1903    30,158 

1904    20,112 

1905    35,502 

1906    35,540 

1907    38,548 

1908    34,136 

1909    32,340 

1910    23,592 

1911    30,550 


The  French  imports  and  exports  of  cotton  seed  oil  are  summarised 
in  the  following  table  : — 


Tear. 

Imports. 

Exports. 

Metric  Tons. 

Metric  Tons. 

1900 

49,361 

1834 

1901 

42,595 

1880 

1902 

28,337 

1425 

1903 

21,605 

1496 

1904 

23,272 

809 

1905 

42,072 

1942 

1906 

37,429 

2288 

1907 

34,060 

2062 

1908 

46,749 
23,959 

2586 

1909 

2866 

1910 

3,900 

1027 

1911 

9,262 

653 

In  Germany  cotton  seed  is  expressed  especially  for  the  production 
of  edible  cotton  seed  oil  for  margarine,  and  this  manufacture  is  confined 
to  the  north  of  Germany  (Bremen,  Northern  Khine).  The  cotton  seed 
is  imported  from  Egypt,  fi'om  South  America  (Peru,  Brazil),  and 
latterly  also  from  Bombay. 

The  growth  of  imports  into  Germany  from  1908  to  1911  is  shown  in 
the  following  table  : — 


CoUon  Seed  imported  into  Germany 


Year. 
1908 
1909 
1910 
1911 
1912 


Tons. 
52,528 
93,428 
106,232 
155,785 
214,097 
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th/fnlT'""^  ?!  rapidlyincreasing  imports  of  cotton  seed  into  Germany 
the  following  details  may  prove  of  interest :—  ^<^imdn} 


From 

1911. 

1912. 

Brazil  

United  States  of  America  . 

137,430 
3,508 
12,967 

192,079 
2,479 
16,917 

TT  •?  1  Q.^  '"^Pf  *f  '^^^      '^i^fiy  fro^        country  and  the 

Umted  States  of  America.  The  imports  from  the  latter  country 
amounted  m  1911  to  12,666  metric  tons  and  in  1912  to  25  000  metric 
tons.  ' 

In  Trieste  cotton  seed  oil  is  being  produced  from  Egyptian  seed 
During  the  latter  years  cotton  seed  is  also  crushed  in  Turkestan  • 
most  of  the  seedlings  of  the  cotton  plant  have  been  imported  from 
iligypt  and  the  United  States  of  America  ("  upland  "  seed).    All  the 
oil  produced  in  Turkestan  is  consumed  locally. 

According  to  the  latest  available  census  of  the  United  States  Govern- 
ment there  were  in  operation  in  1911  the  following  numbers  of  cotton 
seed  mUls  :-United  States,  870  ;  England,  25  ;  Egypt,  7  (consuming 
about  105,000  tons  of  seed  out  of  a  total  production  of  750,000  tons)  • 
India,  1  (consuming  about  10,000  tons  a  year  out  of  a  total  production 
of  200,000  tons)  ;  Russia,  30  ;  France,  5  ;  Germany,  6  ;  Mexico,  5  ; 
China,  10  ^ ;  Peru,  15  ;  Brazil,  27  ;  other  countries,  15. 

Cotton  seed  is  covered  with  woolly  hairs,  yielding  the  well-known 
cotton  fibre.    In  the  case  of  Egyptian,  Sea  Island,  and  Jamaica  cotton 
seed,  this  fibre  is  easily  removable  by  means  of  suitable  delinting 
machines,  so  that  the  seed  can  be  crushed  and  pressed  without  previously 
removing  the  husk.    In  the  case  of  American  upland  seed,  of  Smyrna 
(Levant)  seed,  and  especially  of  Bombay  seed,  the  cotton  fibre  so 
tenaciously  adheres  to  the  husk  that  the  usual  delinting  machines 
are  unable  to  remove  the  whole  of  the  hairs ;  notably  in  the  case  of 
Bombay  seed,  a  fine  "  down  "  adheres  to  the  husk.    Such  seeds  are 
decorticated  in  decorticating  machines  ("  hullers  ")  before  crushing, 
and  the  kernels  ("  meats  ")  are  separated  from  the  husks  by  means  of 
another  set  of  machines  ("  meats  and  hull  separators  ").  Chemical 
processes  for  removing  the  "  down  "  are  resorted  to  less  frequently. 
The  principle  underlying  these  chemical  processes  is  the  same  that  is 
made  use  of  in  carbonising  "  union  "  (wool  and  cotton)  rags.^  Another 
process  ^  consists  in  treating  with  alkalis  and  molasses  and  then  allowing 
to  ferment ;  the  hulls  are  stated  to  separate  readily  from  the  kernels. 

An  examination  made  in  the  author's  laboratory  of  various  kinds 
of  seeds  yielded  the  following  results  : — 

1  A  considerable  amount  of  cotton  seed  oil  is  shipped  from  Cliiua  to  Australia,  thus 
displacing  oil  previously  shipped  from  this  country. 
■•^  Cp.  J.  J.  Green,  English  patent  12,539,  1902. 
^  Cp.  United  States  patent  695,476, 
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Oil  contained  in  Cotton  Seeds  (Lewkowitsch) 


Kind  of  Seed. 


I.  Maranliao 
II. 

Coromandel 
Egyptian  (1899) 
(1900) 

Mersyne 
Bombay 

American  Upland 
Jamaica 
Peni  . 


Kernels. 
Per  cent. 


58-  8 

59-  8 

60-  0 
60-06 
44-4 
51  0 

60-0 


Husks. 
Per  cent. 


41-2 
40-2 

40-0 
40-2 
54-8 
49-0 

40-0 


Oil  I'roni 


Whole  Seed. 
Per  cent. 


21-54 

20-  89 
16 

21-  98 
2.3-93 
18-67 
20-561 
23-46 
23-6 


Kernels. 
Per  cent. 


36-  0 

34-  7 

37-  41 

38-  7 
37-44- 

39-  28 

39-3 

35-  2 


Husks 
("  Hulls  "). 
Per  cent. 


0-9 
0-4 


0-  67 

1-  2 
1-08 

0-37 


It  will  be  seen  that  the  Levantine  (Mersyne)  seed  yields  the  lowest 
percentage  of  oil.  In  this  connection,  it  is  noteworthy  that  seed  of 
American  and  Egyptian  origin  grown  at  Bokhara  contains  only  17-5 
per  cent  of  oil.^ 


A  distinction  must  be  made  between  decorticated  and  undecorticated 
seeds.  Undecorticated  seeds  are  chiefly  crushed  in  England,  France, 
and  Germany  from  Egyptian,  Bombay,  and  also  Smyrna  seeds,  whereas 
the  vast  majority  of  the  American  upland  seed  is  crushed  in  the  de- 
corticated state.  Also  Bombay  seed  is  decorticated  in  some  establish- 
ments before  crushing. 

The  kernels  are  permeated  with  cells  containing  deep  brown  colouring 
matter  ;  hence  the  crude  cotton  seed  oil  running  from  the  hydraulic 
presses  has  a  ruby-red  to  almost  black  colour. 

Cotton  seed  cake  made  from  decorticated  seed  contains  as  a  rule 
about  5  per  cent  of  oil.  The  husks  which  remain  in  the  cake  are  not 
detrimental  to  the  cattle  as  long  as  the  "  non-fuzzy  "  variety  of  seed 
is  used.  The  fuzzy-seeded  varieties  should  not  be  employed  in  the 
undecorticated  state  for  the  production  of  cakes  as  the  small  fibres 
form  "  balls  "  in  the  stomach  of  the  cattle.  The  "  decorticated " 
cakes  are  usually  ground  to  meal ;  in  this  form  cotton  meal  is  largely 
imported  from  the  United  States,  especially  by  the  Continent.  Such 
cotton  meal  usually  contains  10  per  cent  of  oil.  As  this  meal  is  as  a  rule 
light-coloured,  attempts  have  been  made  (especially  on  the  Continent) 
to  "  bleach  "  inferior  m6al  by  adding  small  quantities  of  borax,  etc. 

'  This  is  somewhat  high  ;  the  average  percentage  of  Bombay  seed  is  nearer  18  per 
cent.  Cp.  Wagner  and  Clement,  Zeits.  f.  Unlers.  d.  Nahrgs-  n.  Oemmm.,  1908,  .\vi.  147. 
(Seed  from  Madras,  17-41  percent  ;  Bombay,  17-66  ;  Central  Provinces,  19-05  percent  ; 
Uniteil  Provinces,  19-89  per  cent.) 

*  For  a  method  of  "Rapid  Determination  of  Oil  in  Cotton  Seed  Products"  by 
C.  H.  Herty,  F.  B.  Stem,  and  M.  Orr,  see  Journ.  fml.  and.  Eng.  Clicm,,  1909,  76. 
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Thus  "  White  "  American  meal  is  prepared.  Withers  and  Ray  i  show 
that  pyrophosphoric  acid  is  not  the  cause  of  the  toxic  properties  which 
have  been  observed  in  some  cakes. 

_  The  depth  of  the  colour  of  crude  cotton  oil  depends  in  the  fii-st 
mstance  on  the  state  of  freshness  of  the  seed.  The  American  seed 
which  is  to  a  large  extent  crushed  immediately  after  having  been 
harvested,  yields  a  crude  oU  of  much  paler  coloui-  than  that  of  crude  oil 
obtamed  m  England,  France,  and  Germany  from  Egyptian  and  other 
seed.  The  palest  Egyptian  or  Indian  crude  oU  is  obtained  fi-om  fi-eshly 
arrived  seed.  When  the  seed  is  stored  for  several  months  it  undergoes 
some  deterioration  ("heating,"  which  may  also  occm-  during  the 
voyage)  ;  hence  the  crude  oil  obtained  fi-om  Egyptian  seed  in  July  and 
August  has  the  darkest  colour. 

In  the  American  trade  thi-ee  grades  of  crude  cotton  seed  oil  are 
recognised,  viz.  "  prime,"  "  choice,"  and  "  off  "  qualities.  The  follow- 
ing are  the  recognised  definitions  of  these  three  grades  :  

"  Prijne  crude  cotton  seed  oil  must  be  made  from  sound  decorticated 
seed,  must  be  free  fi-om  water  and  foots,  and  must  be  sweet  in  flavour 
and  odour.  It  should  produce  prime  summer  yellow  oil  when  refined 
with  caustic  soda,  with  a  loss  in  weight  not  exceeding  9  per  cent.  Should 
the  loss  in  refining  be  gi-eater  than  9  per  cent,  but  the  oil  obtained  be 
still  of  prime  summer  yellow  gi-ade  (and  it  cannot  be  rejected  by  the 
buyer),  the  price  must  be  reduced  by  a  corresponding  amount." 

"  Choice  crude  oil  must  be  manufactured  fi-om  sound  decorticated 
seed,  must  be  free  from  water  and  foots,  sweet  in  flavour  and  odour, 
and  should  produce  by  proper  methods  of  refining  choice  summer  yellow 
oil,  with  no  greater  loss  in  weight  than  6  per  cent  for  Texas  oil  and 
7  per  cent  from  oil  of  other  seeds.  The  percentage  of  free  fatty  acids 
should  not  exceed  1  per  cent  (as  oleic  acid). 

"  Qualities  which  correspond  to  neither  of  the  grades  mentioned  are 
termed  '  off'  oU,  and  are  sold  by  sample." 

A  characteristic  test  of  crude  oil  is  the  following  : — 

On  saponifying  crude  oil  with  caustic  potash,  the  upper  layers 
which  are  exposed  to  the  air  become  blue  and  afterwards  violet^ — a  very 
characteristic  reaction  of  crude  cotton  seed  oil.  If  alkah  be  used  in 
insufficient  quantity  to  produce  complete  saponification,  the  colouring 
matter  is  carried  down  together  with  the  soap  formed,  so  that  the 
supernatant  oil  is  but  slightly  yellowish. 

On  this  reaction  is  based  the  technical  method  of  refining  cotton 
seed  oil.  The  oil  is  warmed  (to  120°  F.)  and  then  intimately  intermixed 
with  dilute  caustic  soda  solution.  The  proportion  of  caustic  soda 
required  depends  on  the  quahty  of  the  oil ;  only  so  much  caustic  soda 
should  be  added  as  is  necessary  to  combine  with  the  colouring  matter 
and  the  free  fatty  acids  in  the  oil.  Sufficient  caustic  soda  has  been 
added  when  a  sample  examined  on  a  glass  plate  appears  "  broken." 
Caustic  soda  when  applied  in  excess  causes  saponification,  and  in  that 
case  the  whole  mass  is  apt  to  form  a  homogeneous  mixture,  which  very 
frequently  refuses  to  separate  into  two  layers.    If  a  judicious  amount 

'  JourH.  Biol.  Chan..  19i:i  (14),  53. 
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of  caustic  soda  has  been  added,  which  is  generally  ascertained  in  the 
works  laboratory  by  a  small  scale  test,  the  mixture  will  readily  separate, 
on  standing,  into  two  layers.    The  upper  layer  consists  of  decolourised 
,  oil ;    the  lower  one  forms  a  black  to  light  brown  heavy  liquid 
I  ("  mucilage  "),  this  being  a  solution  of  dark  brown  colouring  matter  ^ 
I  in  the  soap  resulting  from  the  union  of  free  fatty  acids  and  caustic  soda. 

The  mucilage  also  contains  some  neutral  oil,  which  has  been  mechani- 
i  cally  carried  down  or  has  been  emulsified  by  the  soap  solution.  The 
'  mucilage  fi'om  fresh  oU,  especially  from  American  crude  oil,  is  of  com- 
■  paratively  light  colour.    A  large  quantity  of  mucilage,  especially  in 
.  America,  is  therefore  converted  into  soap,  after  removing  the  bulk 
of  the  colouring  matter  in  the  soap  pan  by  "  cutting  "  the  soap  with 
alkali.    The  soap  so  obtained  is  sold  at  a  low  price  as  "  foots  soap  " 
(Vol.  III.  Chap.  XVI.).    Dark-coloured  mucilage  is  treated  with 
)  mineral  acid,  the  separated  fatty  mass  is  distilled,  and  the  distillate 
'  worked  up  for  oleine  and  stearine  (Vol.  III.  Chap.  XVI. ).^ 

The  supernatant  oil  (the  upper  layer)  is  then  drawn  off  and  washed 
'  with  warm  water.  Since  alkahes  are  used  in  refining  cotton  seed  oil, 
•  the  fact  that  commercial  cotton  seed  oil  is  practically  free  from  fatty 
.  acids  is  readily  explained. . 

The  loss  in  refining  depends  on  the  freshness  of  the  oil  and  the  care 
I  exercised  by  the  manufacturer.  The  permissible  losses  in  American 
crude  oil  have  incidentally  been  given  above.  In  the  United  Kingdom 
1  the  refiners  use  more  care  than  the  American  oil  millers,  and  the  losses 
;  are  therefore  considerably  smaller.  The  smallest  losses  are  made  in 
November,  December,  January,  February,  increasing  in  the  months 
1  following  owing  to  old  seed  being  employed. 

If  the  oil  be  intended  for  edible  pm'poses  it  must  not  be  bleached 
with  chemicals,  whereas  for  commercial  purposes — "  soap  oil  " — the  oil 
is  bleached  with  bleaching  powder  and  mineral  acid,  and  then  washed 
with  water  until  the  mineral  acid  has  been  removed  completely. 

In  the  American  trade  three  kinds  of  refined  oils  are  discriminated, 
viz.  "  Prime  summer  yellow,"  "  Choice  summer  yellow,"  and  "  Off 
summer  yellow  "  oils.    Prime  summer  yellow  oil  is  required  to  be  clear, 
1  free  from  water  and  foots,  sweet  in  flavour  and  odour,  and  of  no  deeper 
colour  than  35  parts  yellow  and  7-1  parts  red  in  Lovibond's  tintometer. 
Choice  summer  yellow  must  be  clear,  free  from  moisture,  and  sweet  in 
flavour  and  odour.    Off  summer  yellow  must  be  free  from  water  and 
foots,  and  may  be  of  lower  quality  as  regards  taste  and  colour.  The 
'  refined  oil  is  graded  in  the  United  States  according  to  colour.  The 
1  Interstate  Cotton  Seed  Crushers'  Association  has  adopted  as  the  standard 
'■  for  grading  refined  oil  Lovibond's  tintometer.    Thus  prime  summer  oil 

'  Exiifriiiieiits  liave  been  iiiiulc  repeatedly  to  recover  the  brown  colouring  matter, 
wliicli  has  been  termed  "Uossypol  "  ;  all  the  patented  i)rocesses  having  for  their  object 
the  I'omniercinl  iir(!p.'inition  of  the  colouring  matter  have  so  far  ended  in  failure. 
Methods  of  separating  the  resinous  substances  from  the  fatty  matter  have  been  patented 
by  Stie|K!l,  ffenuan  patent  21i),7lti,  and  l>oeschiglc,  Gorman  patent  220,582. 

-  Knglish  patent  22,2;il,  1900  (British  Oil  ami  Cake  Mills  and  A.  G.  WaHs),  claims 
the  manufacture  of  printing  ink  from  mucilage.  Cp.  also  J.  C,  Chisliolra,  United  States 
patent  1,056,261. 
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must  not  have  a  deeper  colom-  at  about  70°  F.  tliau  the  combination 
of  35  yellow  units  and  7-1  red  units  of  LoviboncVs  tintometer  shows. 
The  oil  intended  for  edible  purposes  is  bleached  with  fuller's  earth  (see 
Chap.  XIII.). 

Cotton  seed  oil  is  suitable  for  edible  pm-poses,  but  popular  prejudice 
has  largely  mihtated  against  the  edible  quahty  being  sold  under  its  true 
name.  Hence,  the  oil  has  appeared  in  the  market  under  the  disguise 
of  such  names  as  "  table  oil/'  "  salad  oil/'*  "  sweet  nut  oil/'  "  butter  oil/' 
etc.  Enormous  quantities  of  the  "  butter  oil  "  quahty  are  used  in  the 
manufacture  of  margarine  and  compound  lards.  The  commercial 
brands  "  summer  oil  "  and  "  winter  oil  "  differ  in  that  the  winter  oil 
has  the  bulk  of  the  "  stearine  "  removed,  so  that  the  oil  should  remain 
fluid,  even  dm-ing  the  winter.  Such  winter  oil  or  "  demargarinated  "  oil 
is  characterised  by  a  low  titer  test.  Thus  the  titer  test  of  a  sample  of 
demargarinated  oil  manufactured  by  the  author  on  a  commercial  scale 
was  28-l°-28-5°  C. 

Two  grades  of  winter  oils  are  recognised  at  the  New  York  Produce 
Exchange  :  "  prime  winter  white  "  cotton  seed  oil,  and  "  prime  winter 
yellow  "  cotton  seed  oil.  Prime  winter  white  cotton  seed  oil  must  be 
perfectly  clear,  straw-white  to  white  in  colour,  sweet  in  flavom-  and  dry, 
and  must  remain  clear,  at  a  temperatm-e  of  32°  F.,  for  five  hom'S.  Prime 
winter  yellow  cotton  seed  oil  must  be  transparent,  free  fi'om  water  and 
foots,  sweet  in  flavour  and  odour,  straw  coloured  (not  reddish),  and 
must  remain  clear,  at  a  temperatm-e  of  32°  F.,  for  five  hom-s.  The  cold 
test  relied  upon  must  be  carried  out  as  follows  :  A  4-oz.  sample  bottle 
is  fiUed  with  the  oil,  a  thermometer  inserted  through  the  cork  of  the 
bottle,  and  closed  tight.  The  oil  is  then  warmed  slowly  to  80°  F.  and 
allowed  to  remain  at  that  temperature  for  fifteen  minutes.  It  is  then 
put  into  a  box  surrounded  by  ice  and  allowed  to  stand  in  the  box  for 
five  hom'S.  After  this  time  it  must  still  be  clear,  brilliant,  and  fi'ee  from 
"  stearine." 

As  a  by-product  of  winter  oil  there  is  obtained ' '  cotton  seed  stearine ' ' ' 
(French — Margarine  de  colon,  Margarine  vegetale.  German — Baitm- 
wollstearin,  Vegetahilisches  Margarin.  Italian — Margarina  di  cotone), 
a  light-yellow  fat  of  buttery  consistence.  This  cotton  seed  stearine  is 
manufactm-ed  on  a  large  scale,  especially  in  the  United  States,  in  the 
process  of  producing  "  winter  oil,"  by  coohng  cotton  seed  oil,  di-aining 
ofi  or  filtering  ofi  the  solid  deposit,  and  pressing  the  latter. 

Since  cotton  seed  stearine  forms  an  article  of  commerce,  and  is 
largely  used  in  the  manufactm-e  of  lard  and  butter  substitutes,  it  may 
be  of  use  to  record  the  physical  and  chemical  characteristics  (see  tables, 
pp.  198,  199). 

It  should  be  noted  that,  according  to  the  pressm-e  employed  in 
the  manufacture,  cotton  seed  stearine  contains  a  larger  or  smaller 
proportion  of  liquid  glycerides ;  hence,  the  great  divergence  of  the 
solidifying  and  melting  points  recorded  in  the  table  is  easily  explained. 

1  With  the  above  ilescriheJ  cotton  seed  stearine  there  must  not  bo  confoiindeil  the 
cotton  .seed  "stearine"  obtained  by  distilling  the  fatty  acids  obtained  from  cotton  seed 
oil  "mucilage"  (cp.  Vol.  III.  Chap.  XVI.). 
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The  behavioiu-  of  cotton  seed  stearine  in  tlie  colour  tests  is  the  same 
as  that  of  cotton  seed  oil  itself.  The  same  holds  good  of  the  chemical 
composition,  with  this  limitation,  however,  that  the  proportion  of  solid 
fatty  acids  is  larger  than  in  cotton  seed  oil.  Thus  Hehner  and  Mitchell 
found  in  a  sample  of  cotton  seed  stearine  3-3  per  cent  of  stearic  acid. 

Eecent  observations  by  the  author  have  shown  that  it  is  doubtfiil 
whether  stearic  acid  does  occur  in  cotton  seed  oil,  inasmuch  as  it  was 
foimd  that  5  or  more  per  cent  of  stearic  acid  dissolved  in  the  mixed 
cotton  seed  fatty  acids  could  not  be  thus  detected.  According  to 
Victor  J.  Meyer  ^  the  "  stearic  "  acid  found  by  this  method  is  most 
likely  arachidic  acid,  or  a  mixture  of  palmitic  and  arachidic  acids,  since 
Meyer  was  unable  to  detect  stearic  acid  in  the  methylesters  of  the 
cotton  seed  oil  fatty  acids  (see  Vol.  I.  Chap.  XII.  and  following  page). 

According  to  the  amount  of  "  stearine  "  left  in  the  oil,  the  proportion 
of  glycerides  of  solid  fatty  acids  in  cotton  seed  oil  vary  ;  therefore  such 
widely  different  percentages  of  sohd  fatty  acids  as  are  stated  by  Twitchell, 
Farnsteiner,  Tolman  and  Munson,  viz.  fi-om  22-3  to  32-6  per  cent,  are 
readily  explained.  Boley  (in  the  author's  laboratory)  found  in  a  number 
of  American  and  Egyptian  cotton  seed  oils  proportions  of  solid  fatty 
acids  varying  from  20-92  to  2448  per  cent. 

The  sohd  fatty  acids  consist  chiefly  of  palmitic  acid  ;  small  quantities 
of  arachidic  acid  appear  to  be  present. 

No  ether-insoluble  bromides  having  been  obtained  from  cotton 
seed  oil,  hnolenic  acid  may  be  considered  to  be  absent.  The  liquid 
fatty  acids  seem  to  consist  of  oleic  and  linolic  acids  only.  Hazura  ^ 
stated  that  the  liquid  fatty  acids  consist  approximately  of  60  per  cent 
of  linohc  and  40  per  cent  of  oleic  acid.  The  proportion  of  linoUc  acid  in 
the  mixed  fatty  acids  as  calculated  from  the  isolated  linolic  tetrabromide 
melting  at  113-114°  C.  was  18-45  per  cent  (Farnsteiner)  and  21  per  cent 
[Lewlcoioitsch).  From  the  liquid  fatty  acids  Farnsteiner  obtained 
linohc  tetrabromide  corresponding  to  23-9  per  cent  hnolic  acid.  Prom 
the  percentage  composition  of  23-45  per  cent  linolic  acid  and  76-55  per 
cent  oleic  acid  would  follow  the  calculated  iodine  value  of  the  liquid 
fatty  acids  =  111-5.  Since  direct  experiments  (cp.  table,  p.  190)  lead 
to  the  iodine  value  of  the  liquid  fatty  acids  of  approximately  150,  the 
amount  of  linolic  tetrabromide  found  would  appear  to  be  much  below 
the  truth.  For  further  experiments  made  to  explain  the  discrepancy 
cp.  Vol.  I.  Chap.  VIII.  p.  576. 

'  Chent.  ZeiL,  1907,  794.  -  Zcilschr.  f.  awjew.  Chcm.,  1888,  315. 
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Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 
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The  fractional  distillation  of  the  methylesters  of  cotton  seed  oil 
fatty  acids  boiling  above  200°  C.  at  18  mm.  pressm^e  gave  the  results 
detailed  in  the  following  table  {Victor  J.  Meyer)  : — 


Fraction. 

Boiling  Point. 

Pressure. 

Quantity 
obtained  from 
535  Grams  of 
Oil. 

Iodine  Value. 

mm. 

Grams. 

I. 

up  to  201 '5° 

16 

8 

77-13 

II. 

201-5-204° 

16 

9 

101-19 

III. 

204  -207-5° 

16 

20 

123-51 

IV. 

207-5-210-5° 

16 

83 

130-87 

V. 

210-5-214-5° 

16 

11 

123-83 

VI. 

above  214-5° 

16 

2 

107-23 

The  iodine  values  enumerated  in  the  last  column  confirm  the  above 
statement  that  oleic  acid  and  linolic  acid  only  are  present  amongst 
the  imsatuiated  fatty  acids  of  cotton  seed  oU,  to  the  practical  exclusion 
of  linolenic  acid  ;  for  the  methylesters  of  oleic  acid  and  linolic  acids 
have  the  theoretical  iodine  values  85-82  and  172-78  respectively. 

On  oxidising  the  unsaturated  fatty  acids  of  cotton  seed  oU  tv?o 
tetrahydroxystearic  acids  are  obtained,  melting  at  155-5°-156-5°  C.  and 
at  173°  C.  respectively  {Hazura,  Hartley  This  fact  lends  support  to 
the  view  that  two  linolic  acids  exist. 

The  acetyl  values  of  various  samples  of  cotton  seed  oil  were  found 
by  the  author  ^  to  vary  from  7-6  to  18,  according  to  the  state  of  freshness 
of  the  oil.  There  was,  however,  no  strict  paraUeUsm  noticeable  between 
the  amount  of  total  volatile  acids  and  the  acetyl  value. 

Cotton  seed  oil  eminently  typifies  a  semi-drying  oil.  In  the  Livache 
test  it  absorbs  5-9  per  cent  of  oxygen  in  twenty-four  hours.  By  blowing 
air  through  cotton  seed  oil  at  a  temperature  of  about  90°-100°  C.  oxygen 
is  ab.sorbed,  with  the  formation  of  a  small  amount  only  of  oxidised  acids, 

'  The  author  is  informed  that  some  cotton  seed  stearines  produced  in  tlie  United 
Htates  of  America  have  still  higher  tiler  tests. 

'•^  Journ.  uf  J'hys.,  1909  (38),  366.  Lewkowitsch,  Analyst,  1899,  319. 
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the  acetyl  value  rising  at  the  same  time  considerably.  This  is  shown 
m  the  following  table,  reproducing  some  experiments  made  by  the 
author.i    (Cp.  also  "  Blown  Oils/'  Chap.  XV.) 


Specific 
Gravity  at 
15-5'  C. 

Total  Volatile 
Acids  per 
Gram  in 
terms  of 
Milligrams. 
KOH. 

Oxidised 
Acids. 
Per  cent. 

True 
Acetyl 
Value. 

Cotton  seed  oil  ... 
Cotton  seed   oil,    blown  two 

liour-s  at  120°  C.  . 
Cotton  seed   oil,    blown  four 

hours  at  120°  C.  . 
Cotton  seed  oil,  blown  six  hours 

at  120'  C  

Cotton  .seed  oil,  blown  ten  hours 

at  120°  C  

0-9250 
0-9262 
0-9291 
0-9350 
0-9346 

0*1 

2-88 
2-44 
4-60 
4-16 

0-51 
0-87 

0-  94 

1-  28  j 

7-6 
11-32 
20-46 
25-4 
30-84 

In  the  following  table  are  contained  the  numbers  obtained  by 
Procter  and  Holmes  :  ^ — 


Blown. 

Specific  Gravity. 

Refractive  Index. 

Iodine  Value. 

Hours. 

03 

0-920 

1-4745 

106-0 

3 

0-926 

1-4745 

105-U 

6 

0-926 

1-4746 

98-0 

9 

0-926 

1-4750 

97-0 

12 

0-927 

1-4751 

97-0 

15 

0-929 

1-4752 

96-0 

18 

0-929 

1-4757 

94  -0 

21 

0-931 

1-4758 

94  -0 

24 

0-936 

1-4759 

94-0 

The  mixed  fatty  acids  do  not  absorb  oxygen  as  rapidly  as  does  the 
oil  itself.  Thus  in  the  Livache  test  only  0-8  per  cent  were  absorbed, 
as  against  5-9  per  cent  in  the  case  of  the  oil  from  which  the  fatty  acids 
had  been  derived. 

In  the  elaidin  test  a  mass  is  obtained  of  pasty  and  buttery  con- 
sistence. 

Cotton  seed  oil  is  readily  reduced  by  hydrogen  in  the  presence  of 
a  catalyst  to  a  hard  fat,  the  iodine  value  of  which  can  be  brought 
to  almost  zero.  (Cp.  Vol.  III.  Chap.  XV.  "  Hydrogenised  Fats," 
"  Hardened  Fats.")  Such  reduced  cotton  seed  oil  gives  neither  tlie 
BeccM  nor  the  Halphert  colour  reaction  (see  below). 

Cotton  seed  oil  is  readily  recognised  by  the  high  melting  and  sohdify- 
ing  points  of  its  fatty  acids.    This  characteristic  difference  from  similar 

1  Analyst,  1899,  322.  ^  /o«r«.  Soc.  C/iem.  hid.,  1905,  1287. 

^  Original  oil. 


COTTON  SEED  OIL  201 

oils  renders  the  identification  of  cotton  seed  oil  a  comparatively  easy 
task.  Tins  also  greatly  facilitates  the  detection  of  it  m  other  oils  and 
fats  Thus  pure  maize  oil  can  be  easily  distinguished  from  cotton  seed 
oil  by  the  titer  test  of  its  fatty  acids.  The  iodine  value  of  natural  cotton 
seed  oil  is  also  important  for  purposes  of  identification,  especially  so 
the  iodine  value  of  its  liquid  fatty  acids,  although  the  iodine  numbers 
are  less  characteristic  than  the  solidifying  and  melting  points. 

The  unsaponifiable  matter  in  cotton  seed  oil  varies  from  0-73  to 
1-64  per  cent,  and  consists  to  a  great  extent  of  sitosterol,  in  admixture 
with  non-crystalhsable  colouring  matters.  Hence,  the  characteristic 
"  phytosterol  crystals  "  can  but  rarely  be  isolated  in  a  rapid  manner 
from  the  unsaponifiable  matter.  According  to  Bomer  and  Wtnter 
the  crude  sitosterol  requires  to  be  recrystalhsed  seven  or  eight  times, 
before  the  pure  substance,  melting  from  136°-137°  C,  can  be  obtained. 
In  the  phytosteryl  acetate  test  the  unsaponifiable  matter  yields  crystals 
melting  from  123-5°-12'l°  C. 

Siegfeld^  obtained  from  cotton  seed  oil  0-972  per  cent  of  crude 
"  phytosterol."  On  recrystaUisation  from  hot  alcohol,  a  resinous 
dark  yellow  substance  was  found  adhering  to  the  glass.  This  substance 
was  completely  insoluble  in  alcohol.  From  the  first  mother  liquor 
crystals  of  indistinct  form  separated  ;  these  were  purified  separately. 
After  the  first  crystallisation,  they  showed  well-formed  plates,  obtrun- 
cated at  both  ends.  The  melting  point  after  the  fifth  crystallisation 
was  92-7°-93-7°  C.  This  substance  could  not  be  acetylated.  After  the 
usual  treatment  with  acetic  anhydride,  on  recrystalhsing,  lamin*  of 
the  same  form  were  obtained  ;  the  melting  point  of  these  was,  after  the 
third  crystallisation,  92-6°-93-6°  C. 

The  first  crystallisation  of  the  unsaponifiable  substance  showed 
no  definite  form,  and  was  strongly  contaminated  with  oily  substances. 
The  second  crystallisation  yielded  long,  hard,  brittle  needles  melting 
after  the  ninth  crystaUisation  at  121-8°-122-2°  C.  After  treatment 
with  acetic  anhydride,  the  substance  yielded  exactly  the  same  crystals, 
melting  after  the  second  crystallisation  at  121-8°-122-8°  C.  It  was  only 
fi-om  the  mother  liquors  of  the  substance  that  sitosterol  could  be 
obtained  in  its  characteristic  crystals.  The  melting  point  of  the  sitosterol 
after  the  fifth  crystallisation  was  138-8°-139-8°  C.  The  melting  point 
of  the  acetate  after  the  sixth  crystallisation  was  131-5°-132-5°  C.  It 
would  therefore  appear  that  Bomer's  acetate  of  the  melting  point  123-5°- 
124°  C.  was  a  mixture  of  Siecjfeld's  substance,  melting  at  121-8°-122-8°  C, 
with  a  certain  amount  of  the  true  acetate  melting  at  131-5°-132-5°  C. 

Heiduschka  and  Gloth  ^  were  unable  to  detect  stigmasterol  in  the 
unsaponifiable  matter  of  cotton  seed  oil.  They  obtained  from  the 
unsaponifiable  matter  a  dibromo-phytosterol  melting  at  127°  C. 

'  Xcits.  f.  Unters.  d.  Nahrqs-  v..  Oeniissm.,  1901,  872. 
Ibid.,  1904,  581.    Cp.  also  Kiinig  and  Sclilnckoliier  {Ihid.,  1908,  xv.  653),  who 
give  as  melting  point  of  fref|uently  rucrystalliseil  "  pliytosterol  "  137  "  and  138"  U.  and 
the  nmlting  points  of  third,  fourth,  and  (ifth  crop  of  its  acetate  as  123-6°,  124-8", 
and  12f)-8°  C.  respectively. 

'■'  Pharm.  Henlr.,  1908  (49),  863. 
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Wagner  and  Clement  ^  found  in  the  unsaponifiable  matter  from 
soap  stock"  (Vol.  III.  Chap.  XVI.)  in  which  the  unsaponifiable 
Ti  Sof.^o'^  '^l^o^ols,  one  melting  at  139°  C.  and  the  other 

u  ^  .  iooo-.oS^^'''"'^^''  ^^^^  ^  dibromide,  the  acetate  of  which 
melted  at  122°-123°  C.  and  decomposed  at  145°  with  evolution  of  hydro- 
bromic  acid.  The  second  alcohol  (melting  at  130°-131°  C  )  gave  an 
acetate  meltmg  at  120° C,  the  dibromide  of  which  melted  at  li4°-115°  C 
and  decomposed  with  evolution  of  hydrobromic  acid  at  148°  C  Wagner 
and  Clement  concluded  that  these  two  alcohols  are  different.  H.  Matthes 
and  W.  Hemtz,  however,  found  in  a  thorough  study  of  the  unsaponifiable 
matter  of  cotton  seed  oU  (by  resolving  it  into  a  soHd  and  a  liquid  portion) 
1  oqJ  n  ^  portion  consists  of  a  phytosterol  (sitosterol)  melting  at 
139  C.  (see  Vol.  I.  p.  276)  and  a  substance  melting  at  81°-82°  C.  repre- 
senting an  amorphous  yellowish  mass,  and  a  dextro-rotary  oxygen- 
contaimng  unsaturated  substance  melting  at  172°.  The  dextro-rotation 
excludes  the  presence  of  stigmasterol  (thus  confirming  Heiduschha  and 
Moth  s  observation),  to  the  presence  of  which  the  high  melting  point 
would  natm-ally  direct  attention.  The  liquid  portion  was  resolved 
by  fractional  distillation  in  vacuo  into  5  fi-actions,  boiling  from  98°  C. 
up  to  300°  C.  (the  4  last  fractions  of  which  absorbed  respectively  91-1, 
123,  102,  112  per  cent  of  iodine).  The  unsaponifiable  matter  did  not 
give  the  Becchi  reaction. 

Cotton  seed  oil,  being  one  of  the  cheapest  fatty  oils,  is  not  liable  to 
adulteration.  Still,  at  times  when  Hnseed  oil,  maize  oil,  and  soya  bean 
oil  are  much  cheaper  than  cotton  seed  oil,  admixtm-e  with  these  oils 
may  occur.  Linseed  oil  is  detected  by  the  higher  iodine  value  of  the 
sample,  and  notably  by  the  bromide  test.  The  detection  of  soya  bean 
oil  and  maize  oil  is  a  more  diflficult  problem,  which  requires  systematic 
application  of  the  methods  detailed  in  Vol.  I.  Chap.  VIII.  (cp.  also 
Chap.  XII.). 

Edible  cotton  seed  oil  is  employed  in  immense  quantities  as  a  table 
oil  and  in  the  manufacture  of  margarine,  and  besides  these  legitimate 
uses,  for  the  adulteration  of  olive  oil,  lard,  and  other  edible  oils  and  fats. 
The  detection  of  cotton  seed  oil  in  these  oUs  and  fats  thus  becomes  one 
of  the  most  important  objects  of  fat  analysis.  It  is  therefore  not 
surprising  that  the  literatm-e  on  this  subject  is  very  voluminous.  A 
number  of  colour  tests  have  been  recommended  for  the  identification 
of  cotton  seed  oH  and  its  detection  in  other  oils.  The  opinions  of 
various  observers  as  to  the  value  of  one  or  other  of  these  colour  tests 
differ  greatly.  This  divergence,  of  statements  is  m  no  small  degree  due 
to  the  difference  of  age  and  source  of  the  specimens  examiued.  With 
regard  to  the  latter,  it  should  be  noted  that  American  oils  differ  some- 
what from  Egyptian  oils  in  their  behaviour  to  the  reagents  used  for  the 
colour  reaction. 

The  author  has  examined  the  various  colom*  reactions  proposed,  and 
found  most  of  the  older  tests  useless.    Hence  they  are  omitted  here.^ 

^  Zeils.f,  Unters.  d.  Nahrgs-  m.  Qenusmi.,  1909  (xvii.),  267. 
2  Archivd.  Phaniu,  1909  (247),  161. 
^  Cp.  second  edition  of  this  work,  p.  384. 
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The  few  colour  tests  that  wiU  be  discussed  are  certainly  of  assist- 
ance to  the  analyst,  but  it  should  be  distinctly  understood  that 
colour  reactions  taken  by  themselves  should  not  be  relied  upon  as 
giving  a  decisive  answer.  At  best  they  can  only  be  used  as  a  prelinunary 
test,  or  as  a  confirmatory  test.  n    -i  j 

The  best  colour  test  for  the  identification  of  cotton  seed  oil,  and 
for  the  detection  of  it  in  other  oils  and  fats,  provided  the  cotton  seed 
oU  has  not  been  heated,  is  the  Halphen  colour  reaction.   This  test  is 
carried  out  in  the  foUowing  manner  :— 1  to  3  c.c.  of  the  oil  is  dissolved 
in  an  equal  volume  of  amyl  alcohol ;  to  this  is  added  1  to  3  c.c.  ot 
carbon  bisulphide  holding  in  solution  1  per  cent  of  sulphur  (flowers). 
The  test-tube  containing  the  mixture  is  then  immersed  m  boilmg  water, 
and  kept  therein  for  some  time.    The  carbon  bisulphide  evaporates  ofi, 
and  cotton  seed  oil  gives  in  the  course  of  five  to  fifteen  minutes  a  deep 
red  colouration.    This  colour  reaction  is  most  characteristic,  and  it  is 
possible  to  detect  thereby  5  per  cent,  and  even  less,  of  cotton  seed 
oil  in  admixture  with  other  oils  and  fats,  e.g.  olive  oil  or  lard.  In 
cases  where  the  proportion  of  cotton  seed  oil  is  small,  the  test-tube 
must  be  kept  in  the  water-bath  for  twenty  to  thirty  minutes,  or  pre- 
ferably in  a  salt-bath  at  105°  C.i   Mixtures  of  oUve  and  arachis  oils 
containing  1  per  cent  of  cotton  seed  oil  gave  in  the  author's  laboratory 
distinct  colourations  after  twenty-five  to  thirty  minutes. 

The  ease  with  which  this  test  can  be  carried  out,  and  its  apparent 
reliability,  have  led  to  an  over-estimation  of  this  very  useful  and 
important  reaction  ;  so  much  so  that  grave  errors  may  be  committed 
by  those  who  assign  to  this  test  an  exclusive,  or  even  a  paramount, 
importance.  It  is  altogether  unjustifiable  to  look  upon  this  test,  as 
has  been  done,  as  permitting  of  quantitative  interpretation. 

Up  till  recently  it  was  entirely  unknown  what  substance  produces 
the  colour  reaction  in  the  Ealfhen  test,  and  all  conjectures  as  to  its 
aldehydic  nature  or  otherwise  ^  rest  on  unfounded  assumptions.  E. 
Gastaldi  showed  that  purest  amyl  alcohol  gives  a  very  faint  reaction, 
whence  he  concludes  that  the  colom-  reaction  is  produced  by  impurities 
contained  in  commercial  amyl  alcohol.  Indeed  Gastaldi  showed  that 
amyl  alcohol  may  be  replaced  in  the  Halphen  test  by  a  drop  of  pyridine, 
aniline,  chinoline,  or  a  few  drops  of  concentrated  ammonia,  or  a  con- 
centrated solution  of  caustic  soda  or  caustic  potash.  The  chromo- 
genetic  substance  appears  to  be  present  in  very  small  quantities  only, 
and  is  also  retained  by  cotton  seed  cake  ;  it  has  the  property  of 
passing  into  the  body  fat  of  pigs  and  cattle  fed  with  cotton  cake. 

'  In  order  to  perform  tlie  reaction  (it  a  still  liiglicr  teinpenitiuu  Sleinmami  {Schweiz. 
Wochenschr.  f.  (Jhem.  und  I'harm.,  1901  (39),  560)  proposed  (uimecessarily)  to  add 
amylalcohol  to  the  Halphen  reagent. 

2  Cp.  Soltsien,  Zdlschr.f.  bffenU.  Chemie,  1899,  306  ;  Gharabot  and  Marsh,  BiM.  Soc. 
Ohim.,  1899,  552  ;  Raii<ow,  Chem.  ZeiL,  1899,  760,  892  ;  1900,  662,  583  ;  1902,  10  : 
(Jill  and  Denison,  Joum.  Amcr.  Cliem.  .Soc,  1902,  397  ;  Kargashew,  Pharm.  Journ., 
1905  (44),  1229  ;  Rupp,  Zeils.  f.  Untcrs.  d.  Nahrgs-  u.  Oenussm.,  1907,  xiii.  74  ;  Petkow 
Zeitschr.  f.  iil/hUl.  Chemie,  1907,  21.  See  also  footnote  l,-,p.  207.  L.  Garnicr,  Aim. 
''hem.  analijL,  1909  (14),  209;  L.  lio\m>ii,  Journ.  Pharm.  C/tim.,  1909  (29),  3/9  ; 
It.  Marcille,  A nnuku  ties  Falsi/.,  1910,  235. 

•■■  Annuli  (Id  Lahorat.  Chim.  Venlr.  delk  Oubelle,  vol.  vi.,  1912,  601. 
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Hence  the  Halphen  colour  reaction  can  be  obtained  with  lards  etc 
wliicli  are  absolutely  free  from  admixed  cotton  seed  oil  '  ' 

It  should  fm-ther  be  noted  that  failure  to  obtain  the  colour  in  the 
Halphen  test  does  not  prove  the  absence  of  cotton  seed  oil.  For  the 
chromogenetic  substance  is  destroyed  by  heating  cotton  seed  oil  to 
250  C,  or  even  by  keepmg  it  at  200°  C.  for  some  prolonged  time  i  or 
by  blowing  cotton  seed  oil  with  afr  {Lewhowitsch) ,  or  treating  ^ith 
fuming  hydrochloric  acid/  sulphurous  acid,3  and  chlorine.  Cotton 
seed  oil  so  treated  no  longer  gives  the  Halphen  colour  reaction.  Blown 

th  rl''^  '-i  ^^.'i-        "  ^'^^  ^^^^       --id  oil  cannot 

tJierefore  be  identified  by  the  Halphen  test. 

Hence  a  negative  Halphen  test  in  a  suspected  sample  is  no  conclusive 
proof  of  the  absence  of  cotton  seed  oil.  Cotton  seed  oil  fatty  acids  do 
not  show  the  colour  test  as  distinctly  as  the  oil  itself.  Frequently  the 
mixed  fatty  acids  obtained  by  saponifying  cotton  seed  oil  give  a  very 
laint  red  colouration  only,  or  even  none  at  all,  most  of  the  colourincr 
matter  having  either  been  destroyed  or  washed  away  in  the  process  of 
isolating  the  mixed  acids  (Lewkoivitsch). 

Finally  Halphen's  test  can  no  longer  be  considered  as  exclusively 
due  to  cotton  seed  oil.  Kapok  oil  and  baobab  oil*  give  the  same 
colour  reaction,  and  the  last-named  oil  with  even  gi-eater  intensity  than 
cotton  seed  oil  {Milliau). 

In  case  a  negative  Halphen  test  be  obtained  on  examining  a  sample, 
and  the  presence  of  heated  cotton  seed  oil  be  suspected,  confirmation 
may  in  some  cases  be  obtained  by  the  nitric  acid  test.    This  test  is 
best  carried  out  with  nitric  acid  of  1-375  specific  gravity,  as  the  author 
has  ascertained  by  a  number  of  experiments.    A  few  c.c.  of  the  sample 
are  shaken  energetically  with  an  equal  measure  of  nitric  acid  of  the 
specified  gravity,  and  the  sample  allowed  to  stand  for  some  time,  up 
to  twenty-four  hours.    Cotton  seed  oil  gives  a  coffee-brown  colouration 
which  is  characteristic  of  this  oil  to  such  an  extent  that  admixtiu-es  of 
10  to  20  per  cent  of  cotton  seed  oil  to  olive  oil  can  be  detected  in  certain 
cases.5    But  even  here  great  circumspection  is  necessary,  as  the  coffee- 
brown  colouration  given  by  some  specimens  of  cotton  seed  oil  is  not 
characteristic  of  all  cotton  seed  oils.    Thus  the  author  has  met  with 
many  American  cotton  seed  oils  that  gave  the  nitric  acid  test  so  faintly 
that  oHve  oils  mixed  with  10  per  cent  of  this  cotton  seed  oil  showed  no 
coffee-brown  colouration.    Important  is  the  observation  made  by  the 
author,  viz.  that  a  specimen  of  heated  cotton  seed  oil  which  no  longer 
gives  the  Halj^hen  test  still  gives  the  brown  colouration  with  nitric  acid, 
and  that  also  the  fatty  acids  from  this  specimen  of  heated  cotton  seed 

1  Oilar  {Amer.  Chem.  Journ.  24,  355)  states  that  heating  for  one  hour  to  140°-150°  C. 
in  a  steel  pan  suffices  to  nullify  the  Halphen  colour  test. 

-  Kuhn  and  Bengen,  Zeils.  f.  Unlers.  d.  Nahrgs-  u.  Oenussm.,  1906  (xii.),  149. 
•'  Fischer  and  Peyau,  ibid.,  1905  (ix.),  81. 
■*  Compt.  rend.,  1904  (139),  807. 

°  Soltsien  {Ohem.  Revue,  1908,  29)  raises  a]i  objection  against  this  test  on  the  ground 
that  olive  and  hazelnut  oils  heated  to  250"  C.  also  give  a  brown  colouration.  This 
"objection"  is  quite  unintelligible,  for  no  nuuiufacturer  would  heat  edible  olive  and 
hazelnut  oils  in  order  to  substitute  them  for  cotton  seed  oil. 
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oil  sliowed  the  colouration  distinctly.  This  proves  incidentally  that 
there  are  at  least  two  chromogenetic  substances  present  in  cotton  seed 

The  Silver  Nitrate  Test.— This  test  was  first  proposed  by  Becchi, 
and  although  it  has  been  persistently  condemned  by  a  number  of 
observers,  it  is  stiU  being  employed  by  many  chemists,  especially  m 
France  and  Italy  ;  hence  a  discussion  of  this  test  must  find  a  place  here. 
Several  years  ago  the  Italian  government  appointed  a  special  committee 
to  inquire  into  the  value  of  this  test,  and  according  to  the  report  given 
by  Del  Torre,  the  following  two  reagents  are  required  : — 

Reagent  I. 

Silver  nitrate  .... 
Alcohol,  98  per  cent  (by  volume) 
Ether      .  .         .         .  • 

Nitric  acid  .... 

Reagent  II. 

Amyl  alcohol     .         .         .  • 
Colza  oil  . 


1-00  grm. 
.    200-0  c.c. 
40  0  c.c. 
0-1  grm. 


The  test  is  carried  out  as  follows  :— 10  c.c.  of  the  oil  under  examination 
are  mixed  in  a  test  tube  with  1  c.c.  of  reagent  I.,  and  then  shaken  with 
10  c.c.  of  reagent  II.  The  mixture  is  next  divided  into  two  equal 
portions,  one  of  which  is  put  aside  for  comparison  later  on,  whereas 
the  other  is  immersed  in  boiling  water  for  a  quarter  of  an  hour.  The 
heated  sample  is  then  removed  from  the  water-bath  and  its  colour 
compared  with  that  of  the  first  portion.  Presence  of  cotton  seed  oil 
is  indicated  by  the  reddish-brown  colouration  of  the  heated  portion. 
DeNegri  and  Fabris  lay  stress  on  the  necessityof  using  the  purest  alcohol. 
The  colza  oil  used  should  be  "cold-drawn"  oil,  and  only  slightly 
coloured  ;  it  should  be  filtered  in  a  hot  water  oven  before  preparing 
the  reagent.  To  guard  against  possible  errors  arising  from  the  impurity 
of  the  reagents  a  blank  test  should  be  instituted  side  by  side  with  the 
actual  test. 

Peruzzi,  Ridolfi,  Rosier,  and  Wiley  tested  Becchi's  method  in  the 
case  of  over  200  samples  of  cotton  seed  oil,  and  found  it  thoroughly 
reliable,  no  other  oil  giving  them  the  brown  colouration.  Holde^  on 
the  contrary,  considers  the  test  as  absolutely  valueless  ;  but  the  experi- 
ments of  De  Negri  and  Fabris,  as  also  tests  made  repeatedly  by  the 
author  (see  below),  prove  that  Holders  statements  are  too  sweeping, 
having  most  likely  been  deduced  from  observations  on  the  particular 
sample  he  examined. 

The  Becchi  test  is  too  capricious  to  be  recommended.  Moreover, 
it  is  difficult  to  understand  why  colza  oil  is  introduced  ;  frequently 
even  serious  errors  are  thereby  caused. 

The  statements  contained  in  the  literature  on  Becchi's  test  are  of  a 
most  conflicting  nature. 

1  Journ.  SoG.  Olicm.  I  ml.,  1802,  ()37. 
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Benedzkt  found  that  some  samples  of  cotton  seed  oil  do  not  reduce 
Becchi's  reagent  either  with  or  without  the  addition  of  colza  oil.  Since 
Beech  himself  states  that  old  samples  of  cotton  seed  oil  only  reduce  the 
silver  mtrate  when  colza  oil  has  been  added,  the  value  of  all  the  modifica- 
tions proposed  becomes  doubtful. ^  The  author  examined  mixtures  of 
Egyptian  cotton  seed  oil  with  olive  oil,  and  finds  that  an  admixture  of 
10  per  cent  of  cotton  seed  oil  can  be  detected  with  certainty,  whereas 
m  the  case  of  5  per  cent  the  reaction  becomes  indistinct.  The  silver 
nitrate  test  can,  therefore,  only  be  relied  upon  as  decidedly  indicatino' 
the  presence  of  cotton  seed  oil  if  a  positive  reaction  has  been  obtained! 
Absence  of  colouration,  however,  does  not  prove  absence  of  cotton  seed 
oil.  Since  even  pm-e  lard  (see  "  Lard  "),  as  Wesson  stated,  gives  a 
slight  colouration  with  silver  nitrate,  and  furthermore,  as  ohve  oils 
are  often  met  with  which  give  the  BeecM  reaction  to  a  very  marked 
extent  (Milliau),  even  the  appearance  of  a  brown  colour  should  not  be 
considered  as  absolute  proof  of  adulteration  with  cotton  seed  oil. 

Milliau  modifies  Becchi's  test  by  adding  the  silver  solution  to  the 
mixed  fatty  acids  instead  of  to  the  neutral  oil. 

Milliau  2  proceeds  as  follows  :— 5  c.c.  of  the  fatty  acids  of  the 
sample  are  dissolved  in  15  c.c.  of  95  per  cent  alcohol,  and  heated  in  a 
water-bath  to  90°  C.  Two  c.c.  of  a  30  per  cent  solution  of  silver  nitrate 
are  then  added,  and  the  mixture  is  again  heated  until  about  one-third 
of  the  alcohol  has  evaporated.  If  the  sample  be  cotton  seed  oil,  or 
contain  cotton  seed  oil,  the  silver  nitrate  is  reduced  to  metaUic  silver, 
producing  a  black  or  brown  colour  in  the  liquid,  or  giving  particles  of 
reduced  silver.  Even  1  per  cent  of  cotton  seed  oil,  as  Milliau  states, 
can  thus  be  detected.  Wiley  ^  considers  this  test  a  very  useful  one, 
whereas  Eehner^  sees  no  advantage  in  this  modification  of  Becchi's 
test,  an  opinion  in  which  the  writer  fully  concurs.  In  many  samples, 
where  cotton  seed  oil  was  present  and  was  indicated  by  Becchi's  test, 
I  could  not  obtain  the  reaction. 

This  fact  is  explained  by  an  observation  made  by  a  French  Com- 
mittee, consisting  of  Muntz,  Durand,  and  Milliau,  viz.  that  by  washing 
the  free  fatty  acids  repeatedly,  the  substances  (supposed  to  be  of  an 
aldehydic  nature)  which  produce  the  colour  reactions  are  washed 
away.  They  therefore  recommended  not  to  melt  the  fatty  acids,  so  as 
to  retain  the  chromogenetic  substance  in  the  mixed  fatty  acids.  Milliau 
proceeds  in  the  following  manner  : — 

15  c.c,  of  the  oil  are  saponified  in  a  250  c.c.  porcelain  dish  with 
alcoholic  potash,  and  the  soap  is  dissolved  in  150  c.c.  of  distilled  water. 
The  alcohol  is  evaporated  off  by  boiling,  and  the  fatty  acids  are  liberated 
by  adding  a  slight  excess  of  dilute  sulphuric  acid.  The  solution  must 
not  be  boiled  in  order  to  melt  the  separated  fatty  acids,  as  otherwise 
the  aldehydic  substances  may  pass  into  the  aqueous  solution.  The 
emulsified  acids  are  taken  ofE  and  washed  in  a  wide  test  tube  three  times 

1  Wilson  also  {Chem.  Kew.i,  .09,  99)  states  that  cotton  seed  oil,  after  keeijing  for 
some  time,  loses  its  power  of  reducing  silver  nitrate. 

'■^  Compl.  rmd.,  1888  (106),  550  ;  Jourii.  <S'oc.  Chem.  Ind.,  1893,  710. 

Lard  and  Lard  Adulterations,    Washington,  1889,  4fi7. 
■»  Analyst,  13,  165. 
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each  with  10  c.c.  of  cold  distilled  water.  Finally,  the  fatty  acids  are 
absolved  in  15  c.c.  of  92  per  cent  alcohol,  and  2  c.c.  of  a  3  per  cent  silver 
hitrate  solution  are  added.  The  test  tube  is  placed,  protected  fi-om 
liffht  in  a  water-bath  and  heated  to  90°  C.  until  one-third  of  the  alcohol 
has  evaporated  ofi.  Ten  c.c.  of  hot  distilled  water  are  then  added, 
and  the  heating  continued  for  a  few  minutes.  In  the  presence  of  cotton 
oil,  the  fatty  acids  which  float  on  the  top  are  black,  owing  to  the  separa- 
tion of  metallic  silver.  If  the  proportion  of  cotton  seed  oil  exceeds 
15  per  cent,  the  aqueous  solution  is  also  coloured. 

Jean's  proposal,  to  decompose  the  soap  solution  obtained  on  saponi- 
fying the  oil  under  petroleum  ether,  is  preferable.  The  fatty  acids, 
as  they  are  librated,  pass  into  the  petroleum  ether,  carrying  with  them 
the  chromogenetic  substance  ;  when  the  petroleum  ether  solution  is 
subsequently  washed,  the  chromogenetic  substance  is  not  removed. 

The  reduction  of  silver  nitrate  is  stated  to  be  effected  by  a  substance 
of  an  aldehydic  natm-e,  the  properties  of  which  have  not  yet  been 
investigated.^  It  should  be  noted  that  the  silver  reducing  substance 
is  destroyed  or  oxidised  by  heating  cotton  seed  oil  or  its  fatty  acids  to 
240°  C.  {Wesson),  or  even  by  keeping  the  sample  or  the  free  acids  for 
some  time.  Therefore,  cotton  seed  oil  heated  to  240°  C.  cannot  be 
identified  or  recognised  in  other  fats  by  BeccM's  or  Milliau's  tests. 

Tortelli  and,  Ruggeri  ^  state  that  the  Milliau  test  becomes  more 
delicate  on  examining  the  liquid  fatty  acids  in  the  following  manner  :— 
5  grms.  of  the  Kquid  fatty  acids  of  the  suspected  sample  are  dissolved 
in  10  c.c.  of  alcohol,  and  1  c.c.  of  a  5  per  cent  silver  nitrate  solution  is 
added  ;  the  sample  is  then  heated  on  a  water-bath  to  70°-80°  C.  Cotton 
seed  oil  reduces  the  silver  immediately,  whereas  olive  oil  and  other  oils 
remain  clear  for  some  time.  Even  cotton  seed  oil — ^which  had  been 
heated  to  250°  C.  for  ten  and  twenty  minutes  respectively— could  be 
recognised  when  present  in  as  low  a  proportion  as  10  per  cent  in  olive 
oil,  on  allowing  the  liquid  fatty  acids  of  the  mixed  oil  to  stand  in  the 
[  hot  water-bath  for  several  hours. 

From  the  foregoing  remarks  it  is  obvious  that  the  colour  reactions 
I  can  only  be  used  as  subsidiary,  or  at  best  as  confirmatory  tests,  and 
that  the  Halphen  test  should  be  supplemented  in  the  case  of  heated 
oils  by  the  nitric  acid  test  or  by  the  modified  Milliau's  test  suggested 
by  Tortelli  and  Ruggeri.  The  main  attention  of  the  analyst  should 
be  directed  to  the  indications  furnished  by  the  iodine  value  of  the 
oil  (or  its  mixed  fatty  acids),  the  iodine  value  of  the  liquid  fatty  acids, 
and  the  solidifying  and  melting  points  of  the  mixed  fatty  acids.  In 
case  an  animal  oil  or  fat  is  suspected  of  being  adulterated  with  cotton 

'  Dupont  {Bidl.  Sue.  Cliim.,  1895  [3],  696  ;  Bull.  Chem.,  18^C>,  811),  having  obtiiined 
on  passing  n  current  of  steuin  through  cotton  seed  oil  a  volatilo  siibstance  yielding 
sulphuric  acid  on  oxidation,  ascribes  the  Becchi  reaction  to  tlie  fornuition  oT  silver 
sulphide.  But  as  the  remaining  oil  still  gave  the  Becchi  test,  proof  for  Dupont's  opinion 
is  wanting.  Raikow  {(Jhew.  Xeil.,  1899,  769)  did  not  obtain  the  volatile  sulphurised 
substance,  but  its  occurrence  is  conlirined  by  Kischor  and  Poyau  {Xcils.  f.  Unlers.  d. 
NulmjH-  u.  Oenussm.,  1905  (ix.),  81).  Matthes  and  Ileintz  nUiU)  most  digtvuetly  that  the, 
unsaponifiable  matter  in  cotton  seed  oil  in  free  from  sulpliur. 

^  Annali  del  Labmat.  Centr.  delle  Oahelle,  1900. 
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seed  oil.tlie  examination  of  tlie  unsaponifiable  matter  by  tlie  phytostervl 
acetate  test  should  not  be  omitted.  Further  information  on  the 
detection  of  cotton  seed  oil  will  be  given  under  the  headings  of  "  Olive 
Uil  Lard/'  and  "  Tallow,"  in  this  chapter  ;  and  under  "  Edible  Oils 
and  Fats    in  Vol.  III.  Chapter  XV. 

It  has  been  pointed  out  already  that  the  finer  grades  of  cotton  seed 
oil  are  used  for  edible  purposes.^  The  lower  gi-ades  are  employed  in 
enormous  quantities  as  a  soap-making  oil.  On  account  of  its  dryin<r 
and  gumming  properties  cotton  seed  oil  cannot  be  recommended  as  a 
ubricatmg  oil.  It  is  fi-equently  stated  that  the  blown  cotton  seed  oil 
(see  Vol.  III.  Chap.  XV.)  is  suitable  for  lubricating  pm-poses  ;  at  any 
rate  considerable  quantities  of  cotton  seed  oil  are  converted  into  blown 
oil  (one  brand  of  such  oil  is  known  in  the  trade  as  "  lardine  "  2).  Smaller 
quantities  of  cotton  seed  oil  are  used  as  burning  oils  and  in  the  adultera- 
tion of  paint  oils  and  for  quenching  armour  plates. 

Cotton  seed  oil  intended  for  technical  purposes  must  be  "  denatured  " 
before  importation  into  Australia  either  with  5  per  cent  of  its  bulk  of 
mineral-  lubricating  oil  of  specific  gravity  86  at  60°  F.,  or  10  per  cent  of 
its  bulk  of  mineral  lubricating  oil  of  lower  specific  gravity. 

The  German  Customs  prescribe  rosemary  oil  as  a  denaturant. 


SESAME  OIL,  BENISEED  OIL,  GINGELLI  OIL,  TEEL  OIL 

French — Huile  de  sesame.    German — Sesamol. 
Italian — Olio  di  sesanio. 

For  tables  of  characteristics  see  pp.  217,  218. 

Sesame  oil  is  obtained  fi-om  the  seeds  of  the  sesame  plant,  belonging 
to  the  family  of  Bignoniacece.  The  original  home  of  Sesamum  Micuin 
is  unknown.  According  to  A.  de  Catidolle  sesame  seed  was  brought 
fi-om  the  Sunda  Islands  to  India  several  thousand  years  ago,  and  has 
migrated  thence  through  the  Euphrates  basin  to  Egypt.^ 

Linnmis  differentiated  two  species,  viz.  Sesamum  indicum,  L., 
which  produces  white  or  yellow  seeds,  and  Sesamum  orienlale,  L., 
which  produces  dark  (red,  brown,  or  black)  seeds.  De  Gandolle  united 
the  two  species  of  Linnneus  into  one,  viz.  Sesamum  indicum,  of  which 
he  discerns  three  sub-species,  viz.  :  (1)  S.  quadridentatum  =  S.  indicum, 
L.  ;  (2)  S.  subdentaium  =  S.  indicum,  Sims  ;  and  (3)  S.  subindivisum  = 
S.  orienlale,  L. 

India  produces  the  largest  amount  of  varieties  ;  there  the  white 
seed,  yielding  the  best  Indian  oil,  is  termed  suffet-til,  whilst  the  black 
variety,  containing  the  largest  proportion  of  oil,  is  known  as  tillie.  In 
the  trade  a  mixture  of  white  and  dark  seeds  bears  the  name  bigarre. 

1  Such  oil  has  been  recommended  as  a  basis  for  ointments  in  place  of  lard  ("  Adeps 
gOBsypii "). 

^  Not  to  be  confounded  with  the  edible  fat  "lardinu"  (see  Vol.  IH.  Chap.  XV.). 
^  Marco  Polo  mentions  already  the  manufacture  of  sesame  oil  by  expression  of  the 
seed  in  Abyssinia,  Ceylon,  and  the  Malabar  Coast. 
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According  to  the  rules  of  tlie  trade,  the  white  sesame  must  contain 
at  least  85  per  cent  of  white  seeds.  If  the  proportion  of  dark  seed 
exceeds  15  per  cent,  an  allowance  is  made.  If  the  dark  seed  exceeds 
25  per  cent,  the  term  white  sesame  seeds  no  longer  appHes. 

The  higarre  quality  must  contain  at  least  35  per  cent  of  white  seeds. 
The  commercial  seed  known  as  "  grosses  graines  "  must  not  contain 
more  than  20  per  cent  of  "  jpetites  graines."  No  more  than  a  maximum 
of  50  per  cent  of  small  seeds  is  permitted  ;  if  they  make  up  from  20  per 
cent  to  50  per  cent,  an  allowance  must  be  made. 

By  far  the  largest  quantity  of  Sesamum  indicum  is  grown  in  East 
India,  Java,  Siam,  Tonkin,  China,  and  Japan.  ^  Large  quantities  are 
also  grown  in  the  countries  bordering  the  Mediterranean,  especially 
in  the  Levant  and  Egypt.  The  seed  grown  in  Africa  belongs  to  the 
species  Sesamum  radiatum,  Shum  and  Thonn. 

Smaller  quantities  are  produced  in  Algeria  and  on  the  "West  Coast  of 
Africa,  as  also  on  the  East  Coast  (Mozambique,  Zanzibar,  German  East 
Attica).  In  Southern  Rhodesia  the  seed  is  cultivated  by  the  natives  ; 
it  is  not  unlikely  that  in  the  near  future  it  may  be  exported  to  Europe. 

In  South  America  the  plants  are  grown  in  Brazil,  Venezuela,  and 
Mexico.  In  the  southern  states  of  North  America,  and  in  several 
islands  in  the  West  Indies,  the  cultivation  of  the  plant  appears  to  be 
on  the  increase. 

Marseilles  has  become  one  of  the  chief  emporia  ^  for  the  production 
of  all  grades  of  sesame  oil  from  the  Levant,  the  Indies,  and  West  Africa. 
(It  is  noteworthy  that  the  first  Indian  seeds  from  Bombay  were  im- 
ported into  Marseilles  by  Schloesing  Freres  in  the  year  1879.)  The 
following  table  giving  the  imports  of  sesame  seed  into  Marseilles  shows 
the  growth  of  this  industry  : — 

Kiloga.  . 

1834  .        .  601  ' 

1835  .        .  632 

1841  .        .  1,608,200 

1842  .        .  12,408,400 

1843  .  .  17,963,400 
1850     .        .  25,729,500 

1855    .       .     34,021,500,  of  which  15,970,300  from  Levant,  and 

19,051,200  from  the  "  Indies." 

1870    .        .      77,803,000,  of  which  12,878,000  from  Levant,  and 

64,925,000  from  the  "  Indies." 

1901-5  .  .  295,000,000 
1906-11        .  243,000,000 

The  value  of  the  Indian  export  is  given  in  the  following  official 
table  : — 


1  Cp.  P.  H.  Eberliardt,  Le  sisame  de  U JixMme- Orient,  or  L' Agriculture  pratique 
des  Pays  Chauds.    I'lii  is,  1911. 

-  Tho  following  brands  of  .sesame  seed  are  known  in  the  Mai  suillus  marknt  : — Rud 
Kundwa  (i'unjab)  ;  Bonil),ay  mixed  ;  Ked  Julil)alpoi'o  (I'nnjab)  ;  JJrown  Onzerat  ; 
Black  Cavvnporo  ;  I'lack  small  Kutneu  ;  Black  Dlicra  ;  White  Kanri  ;  lilack  llnrda  ; 
Red  bold  ;  Black  Bellary  (Bombay  Presidency)  ;  VViiite  Bombay  bold  ;  KandoiHli 
(Bombay  Coast)  white  ;  Bombay  mixed  ;  Brown  Delhi. 
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The  acreage  of  land  under  sesame  cultivation  in  India  is  given 
officially  as  follows  : — 


United  Provinces  l^j^g^^  ' 

Central  Provinces  and  Berar 
Madras  .... 
Bombay  ^     .      .      .  . 

Bengal  

Punjab  

Sind  2  

Hyderabad  .... 


Average  Area  during 

Average  Yield  during 

1890-1909. 

18DU-11)UW. 

Acres. 

Tods. 

700,000 

60,000 

918,000 

67,900 

460,000 

38,000 

861,900 

107,600 

250,200 

29,800 

148,500 

14,100 

92,500 

6,300  . 

484,000 

Including  Native  States. 


Excluding  Hyderabad. 


The  following  tables  specify  the  imports  of  sesame  seed  into  France 
and  Marseilles  from  the  Levant,  India,  and  China.  The  totals  include 
the  seed  from  West  Africa  : — 

Imports  of  Sesame  Seed  into  France  and  Marseilles 
France.    Metric  tons 


Year. 


1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 


The  Levant. 


6,768 
5,531 
5,467 
3,375 
4,497 
3,357 
6,877 
4,898 
2,267 
1,671 
718 
884 


India. 


56,660 
61,353 
65,188 
124,453 
96,175 
48,198 
30,708 
59,390 
25,085 
39,662 
91,393 
65,587 


China. 


5,384 
4,899 
10,670 
7,920 

2,666 
20,991 

3,216 
26,183 
21,125 
10,682 
32,371 


Total. 


69,689 
73,791 
83,413 
138,266 
101,647 
55,172 
61,194 
71,420 
54,783 
63,620 
105,556 
101,984 
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Marseilles.    Metric  tons 


CHAP. 


Year. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1906 
1906 
1907 
1908 
1909 
1911 


Tlie  Levant. 


11,416 
12,843 
7,236 
3,755 
6,618 
4,555 
5,108 
3,375 
4,497 
3,265 
6,777 
4,485 
324 
1,772  1 


India. 


62,568 
33,475 
53,802 
64,013 
53,185 
54,454 
56,367 
110,782 
88,770 
44,097 
28,213 
54,959 
17,470 
40,852 
24,846 


China. 


97 


893 
4,834 
4,899 
9,898 
6,649 

2,612 
10,171 

2,576 
21,818 
20,290 
320 


Africa. 


830 
1408 
1472 
1405 
1044 
3068 


Bnasorali. 

76,021 

49,411 

61,627 

66,090 

65,462 

65,573 

73,367 

123,324 

94,225 

"io 

50,704 

1281 

47,850 

346 

63,837 

732 

41,749 

129 

64,087 

28,518 

The  importance  of  China  as  a  supplier  of  sesame  seed,  is  growing 
yearly,  as  may  be  gathered  from  the  statistical  data  contained  in  the 
preceding  tables. 

The  earlier  total  exports  were  as  follows  : — 

Year.  Tons. 

1894  .         .  .138 

1895  .  .238 

1896  ...  40 

1897  ...  64 

1903  .  .631 

1904  .         .  .154 

In  the  year  1909  the  total  export  of  sesame  seed  from  China  to 
foreign  countries  amounted  to  128,165  tons,  valued  at  £1,520,021. ^ 

The  chief  European  ports  to  which  Chinese  seed  was  shipped  and 
the  quantities  are  given  in  the  following  table  : — 


Name  of 

Quantity 

Port. 

(cwts.). 

Rotterdam 

690,640 

Marseilles 

404,660 

Trieste 

301,400 

Genoa  .... 

242,500 

Antwerp 

230,560 

Hamburg 

177,470 

Bremen 

134,900 

*  The  total  of  1772  tons  has  been  .supijlied  as  detailec 

in  the  following  table  : — 

Tons. 

rrom  Jaffa,  Caiffa,  St.  Jean  d'Aore 

1601 

„   Smyrna,  Echelle-Neuve,  Salaliah  . 

29 

11 

15 

1772 

-  Uull.  Imp.  InaL,  1911,  267. 
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The  following  statistics  show  the  exports  from  the  Anglo-Egyptian 
Sudan  and  German  East  Afi-ica  : — 


Value  of  Sesame  Seed  Exports  from  the  Anglo-Egyptian  Sudan 


Year. 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 


Value  (£). 
4,977 
2,583 
622 
5,787 
3,705 
19,736 
25,084 
63,066 


Value  of  Sesame  Seed  Exports  from  German  East  Africa  ^ 


Year. 
1904 
1905 
1906 
1907 
1908 
1909 
1910 


£. 
18,701 
10,423 
5,658 
6,290 
9,650 
14,200 
10,590 


The  quantities  exported  from  1892  to  1897  were  on  the  average 
21  tons  only. 

The  sesame  oil  industry  has  not  been  able  to  obtain  a  foothold  in 
Great  Britain,  inasmuch  as  the  finer  qualities  of  sesame  oil  obtained  in 
the  first  expression  do  not  find  so  remunerative  an  outlet  as  they  do 
in  other  countries  ;  in  fact,  the  whole  of  the  oil  would  have  to  be  disposed 
of  as  soap  oil. 

The  small  amount  of  seed  imported  into  this  country  is  used  in  the 
manufacture  of  compound  cake,  the  high  proportion  of  oil  in  sesame 
seed  helping  to  bring  up  the  percentage  of  oil  in  the  mixed  meal  to  the 
legally  prescribed  amount. 

Since  the  admixture  of  sesame  oil  to  margarine  has  been  made 
obligatory  in  Germany,  Austria,  and  Belgium,  a  considerable  sesame 
oil  industry  has  rapidly  sprung  up  in  these  countries.  The  figures  for 
Germany  and  Austria  are  given  in  the  following  tables  : — 

1  Dull.  Imp.  Inst.,  1911  268. 
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Imports  of  Sesame  Seed  into  Germany 


Year. 

Ixjtal. 

Prom 

Bast  Indies. 

China. 

East  jifrica. 

The  Levant. 

Mexico. 

1896 

1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 

Double  cwts. 
232,530 
210,240 
312,330 
387,710 
296,370 
358,700 
498,180 
615,380 
513,130 
464,892 
573,810 

729,690 
779,400 
1,413,970 

Double  cwts. 
187,910 
186,740 
267,470 
364,180 
261,030 
309,950 
373,120 
427,160 
469,960 
334,700 
319,380 

COT  1AQ 
00  l,iUtS 

Double  cwts. 

14,410 
14,930 
91,560 
166,730 
15,790 

202,300 
47,510 

Double  cwts. 

1131 
3945 
4537 
2234 
5416 

Double  cwts. 
28,570 
10,120 
24,520 
8,900 
8,485 
21,128 
11,228 
3,612 
16,252 

42,540 
33,110 

Ger- 
man. 

Portu- 
guese. 

1911 
1912 

1,016,721 
992,818 

331,297 
196,502 

653,220 
759,385 

8279 
6587 

4740 
8835 

nil 
nil 

nil 

5635 

Imports  of  Sesame  Seed  into  Austria  ^ 


Year. 
1900 
1901 
1902 
1903 
1904 
1905 
1907 
1908 
1909 
1910 
1911 


Kilogs. 
13,288,500 
15,439,900 
12,608,200 
31,793,300 
36,767,400 
15,491,400 
19,620,100 
17,375,100 
42,802,000 
39,491,800 
42,199,700 


In  the  years  1911  and  1912  Germany  imported  393  and  280  tons 
of  oil  respectively  from  Belgium,  and  388  and  366  tons  from  France. 

Sesame  seed  belongs  to  the  oleaginous  seed  which  is  rich  in  oil,  hence 
it  must  be  subjected  to  repeated  expression.  The  proportion  of  oil  varies 
from  50  to  57  per  cent.  From  the  following  table,  due  to  Sprinhneyer 
and  Wagner,^  it  would  appear  that  African  seed  contains  more  oil  than 
Indian,  but  a  much  more  extended  series  of  experiments  is  requii-ed  to 


1  Cp.  also  table  p.  210. 
^  Zeils. /.  Unters,  d.  Nahrgs-  u.  Genussm.,  1905,  x.  353. 
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iustify  general  conclusions.  The  table  proves  further  the  correctness 
of  the  general  experience  that  ether  extracts  larger  quantities  of  oil 
fi-om  the  seeds  than  does  petroleum  ether. 


Extracted  with 

Indian  Seed. 

Levant  Seed. 

African  Seed. 

Ether  . 
Petroleum  ether 

Per  cent. 
49-76 

47-57 

Per  cent. 
50-14 

47-57 

Per  cent. 
54-14 

52-54 

The  following  table  gives  the  practical  yields  obtained  on  a  large 
scale  by  the  expression  of  seeds  fi'om  various  countries.  The  seeds 
were  pressed  once  or  twice  in  the  cold,  and  then  once  in  the  hot. 


Practical  Yields  from  Sesami  Seed 


Description  of  Seed. 

Per  cent. 

Bombay  seed,  yellow  or  red 
Bombay  seed,  bigarre 
Levant  seed     .       .       .  • 
Chinese  seed  .... 

44-45 
42-44 
47-48 
44-45 

The  oils  of  the  first  expression  in  the  cold  represent  the  best  qualities. 

The  finest  edible  sesame  oil  is  obtained  from  the  Levant  seeds. 
Of  these  the  Jaffa  district  yields  the  best  brand.  Slightly  inferior  in 
flavour  to  the  Jaffa  oil  are  those  obtamed  from  seed  grown  in  Caiffa, 
St.  Jean  d'Acre,  Tarsus,  Smyrna,  Mersyna.  The  oil  fi-om  Alexandretta 
seeds  represents  a  lower  grade  still.  The  Indian  seeds,  embracing  chiefly 
those  from  Kurrachee  and  Bombay,  give  oils  of  more  unpleasant 
flavour,  and  are  therefore  not  suitable  for  the  hest  kinds  of  margarine. 
Lower  still  as  regards  taste  and  flavour  rank  the  oils  from  Chinese 
and  African  seeds.  In  China  the  seeds  are  roasted  before  being  ground 
and  expressed  in  wedge  presses.  Owing  to  this  process  the  oil  becomes 
dark-coloured  and  acquires  a  strong  flavour  of  nuts. 

The  oils  of  second  and  third  expression  are  used  for  manufacturing 
purposes,  chiefly  for  soap-making. 

The  pre.ss  cakes  contain  from  8  to  10  per  cent  of  oil ;  they  form  an 
excellent  cattle  food,  and  are  largely  in  demand  for  this  purpose 

The  average  composition  of  sesame  cake  is  the  following  : — 


OU   14-63 

Moisture         .         .         •         ■         •  '7- 65 

Proteins   30-14 

Ash       .         ...         .         .         .  L3171 

Crude  fibre      .         .         ...         .  4-83 

Carbohydrates  .         .         .         •         •  23-58 


100-00 


'  Cp.  Linseed  cake,  p.  50. 
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When  tlie  seed  does  not  arrive  in  the  sound  state  in  which  it  is 
obtained  at  present  almost  regularly,  the  cakes  resulting  fi-om  such 
unsound  seeds  are  unsuitable  i  for  feeding  cattle,  and  are  therefore 
extracted  with  solvents  for  the  complete  recovery  of  the  oU  The 
extracted  meal  is  then  sold  as  a  manure,  greatly  appreciated  by  the 
farmer  on  account  of  its  fertilising  properties.    Bang  and  Sanguinetti 
of  Marseilles    devised  a  special  apparatus  for  the  extraction  of  sesamd 
seed  with  petroleum  ether.    At  present,  damaged  seed  is  extracted  with 
carbon  bisulphide.    In  1903  about  twenty  thousand  tons  of  press  cakes 
were  thus  extracted  in  MarseHles,  yielding  about  two  thousand  tons  of 
oil.    In  1905  only  twelve  thousand  tons  of  cakes,  yielding  about  one 
thousand  tons  of  oil,  were  extracted.    The  oil  so  obtained  is  white  or 
dirty  grey.    At  the  ordinary  temperatui-e  some  "  stearine  "  deposits, 
hence  extracted  sesame  oil  represents  a  more  or  less  pasty  mass.  Owing 
to  the  damaged  state  of  the  seed  the  oU  contains  a  notable  proportion 
of  free  fatty  acids.    For  the  manufactm-e  of  mottled  soaps  the  extracted 
oil  can  be  used  as  such.    If  intended  to  be  used  as  bui-ning  oU  or  for 
lubricating  purposes,  the  free  fatty  acids  must  be  first  removed. 

Sesame  oil  contains,  according  to  Farnsteiner,  12-1  per  cent  to  14-1 
per  cent  of  solid  acids  ;  Lane  ^  obtained  by  the  lead-salt-ether  method 
78-1  per  cent  liquid  fatty  acids.  These  consist  of  oleic  and  linolic  acids. 
Direct  determination  of  linolic  acid  (by  means  of  the  linolic  tetrabromide) 
gave  164,  15-2,  and  12-6  per  cent  linolic  acid.  Prom  the  composition 
of  12-1  per  cent  solid  acids,  15-8  per  cent  linolic  acid,  and  72-1  per  cent 
of  oleic  acid,  there  would  be  calculated  as  the  iodine  value  of  the  mixed 
fatty  acids  93-6,  whereas  direct  determination  gave  the  mean  value  of 
111.  According  to  the  above-given  composition  the  liquid  fatty  acids 
would  consist  of  82  per  cent  of  oleic  acid,  and  18  per  cent  linolic  acid. 
This  would  lead  to  1064  as  the  calculated  iodine  value  of  the  liquid 
fatty  acids,  whereas  direct  determinations  have  given  the  mean  figure 
of  133.  Also  this  calculation  (cp.  Cotton  Seed  Oil)  shows  that  the 
linolic  tetrabromide  has  not  been  fully  recovered.  More  recent  deter- 
minations of  linolic  acid  carried  out  in  the  author's  laboratory  have  been 
detailed  (Vol.  I.  Chap.  VIII.). 

Sesame  oil  is  dextro-rotatory,  a  property  which  may  supply  a  useful 
additional  means  of  identifying  the  oil.  The  numbers  ascertained  by 
Bishop  have  been  given  above  (Vol.  I.  Chap.  V.).  Utz^  found  the 
rotations  of  three  specimens  of  African,  Indian,  and  Levant  oils  in  a 
200  mm.  tube  at  15°  C.  + 1-6°,  -t- 14°,  and  -h0-8°  respectively.  Sprink- 
meyer  and  Wagner  confirm  that  the  African  oil  has  the  highest  rotation, 
whereas  they  find  the  lowest  rotations  in  Indian  oils.  It  should,  how- 
ever, be  noted  that  only  in  the  absence  of  castor,  croton,  and  rosin  oils 
would  the  polarimetric  observation  be  of  any  value.  The  optical 
activity  of  the  oil  is  no  doubt  due  to  the  presence  of  phytosterol  and 
sesamin  (see  below). 

1  Possibly  it  is  to  sucli  unsound  seed  that  the  poisonous  properties  of  some  sesame 
oils,  noticed  recently  (No.  43  ncrliver  Kiinische  Wochenschrift,  1906),  must  be  ascribed. 

Austrian  patent,  f)t\\  July  1883. 
'  Jmirn.  Sac.  Clicm.  Ind.,  1901,  1083. 

Pliann.  Zeit.  46,  490  ;  Journ.  Soc.  Chem.  Ind.,  1900,  914. 
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The  amount  of  unsaponifiable  matter  in  sesame  oil  varies  bom 
0-95  per  cent  to  1-32  per  cent.  The  unsaponifiable  matter  contams 
phytosterol,  sesamin,  and  a  "red  oil"  (see  below).  The  phytosterol 
was  identified  by  the  melting  point  of  the  crystals  obtamed  by  crystai- 
lisincr  it  seven  times  fi'om  alcohol.  Siegfeld  ^  thus  prepared  a  phytosterol 
of  the  melting  point  139-0  - 139-2°  C.  The  phytosterol  acetate  obtamed 
by  Bomer  melted  at  128°-129°  C.  Siegfeld  prepared  crystals  meltmg 
at  130°-131°  C.  by  recrystallising  the  acetate  seven  times.  Accordmg  to 
Tocher  ^  glacial  acetic  acid  extracts  from  sesame  oil  two  substances— 

(a)  A  resinous  substance  forming  long  crystalline  needles  (from 
alcohol),  melting  at  118°  C.  From  ultimate  analyses  and  determinations 
of  the  molecular  weight  (by  RaouU's  method  m  benzene  and  acetic 
acid)  the  formula  CigHigOg  was  derived.  This  substance  was  named 
sesamin.  Sesamin  does  not  give  the  Baudomn  test  (see  below),  but 
assumes  a  green  and  then  a  bright  red  colour  with  nitro-sulphuric  acid 
(the  colour  reaction  given  by  the  U.S.  Pharmacopoeia  for  sesame  oil). 

(b)  A  thick  brown  oil  (of  unknown  composition)  giving  the  char- 
acteristic colour  reactions  of  sesame  oil.^  _  • 

Villavecchia  and  Fabris  ^  found  that  by  extracting  the  oil  itself  with 
either  acetic  acid  or  alcohol  the  chromogenetic  substance  cannot  be 
whoUy  removed.  By  converting  the  oil  into  barium  soap,  and  ex- 
tracting the  latter  with  alcohol,  they  isolated  from  the  alcohoUc  extract, 
after  evaporating  ofi  the  alcohol,  and  dissolving  the  residue  m  petroleum 
ether,  three  substances — 

1.  An  alcohol  of  the  melting  point  137°  C,  and  rotatory  power 
[a]^^=  -34°  23'  (for  c  =  5-013).  This  alcohol  is  doubtless  sitosterol ; 
it  is  not  accompanied  by  stigmasterol  {Klamroth 

2.  Fine  crystals  having  the  formula  ^'^^  melting  at 
123°  C.  {Villavecchia  and  Fabris)  ;  according  to  Bomer  and  Winter  their 
formula  is  C33H30O10,  and  they  melt  at  122-5°  C.  The  rotatory  power 
is  [a]jy  =  +  68-36  (for  c  =  24-45)  in  chloroformic  solution.  This  substance 
was  ' termed  sesamin  by  Villavecchia  and  Fabris.  It  is  apparently 
identical  with  Tocher's  sesamin  CigHigOg,  for  theory  requires  for 
CjoHigOg,  0  =  68-79  per  cent,  H  =  5-73,  and  for  CnHigOg,  0  =  68-75, 
H  =  6-25,  and  for  C33H30O10,  0  =  67-54  per  cent,  H  =  5-17  per  cent. 
Tocher  found  (by  RaouWs  method)  the  molecular  weight  of  sesamin 
311  (in  benzene)  and  312  (in  acetic  acid).  Villavecchia  and  Fabns 
obtained  (by  RaoulCs  method)  the  molecular  weight  350  (in  benzene), 
the  formula  {'<^i^x2%)2  demanding  384  ;  Bomer  and  Winter's  proposed 
formula  C33H30O10  leads  to  a  molecular  weight  of  586.  Sesamin  is 
sparingly  soluble  in  ether  and  can  thus  be  separated  from  cholesterol."' 

3.  A  thick,  non-crystallisable  oil,  fi-ee  from  nitrogen.    This  oil 


'  ZeJtx.f.  Unters.  d.  Nahrgs-  u.  Oenussm.,  1904,  585. 
2  I'harm.  Jnv.rn.  and  Tran.i.,  1891,  639  ;  1893,  700. 

=<  Merkliiig's  (./ourn.  Soc.  Chem.  IruL,  1888,  45)  statement  that  it  is  the  glacial  acetic 
acid  extract  which  gives  the  characteristic  colour  reaction  of  sesame  oil  must  tlierclore  be 
corrected. 

Joiirn.  Soc.  Chnm.  hul.,  1894,  C9. 

"  Klamroth,  Inaug.  IHsscrl.,  Municli,  1911. 

«  Annali  del  Lab.  Chim.  delle  Gab.,  1897  (iii.),  22. 
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contains  the  substance  minute  quantities  of  which  produce  the  char- 
acteristic colour  reaction  with  sugar  and  hydrochloric  acid  (see  below)  • 
this  oil  seems  to  be  identical  with  Tocher's  substance  (6).  It  should 
be  noted  that  the  chromogenetic  substance  entirely  passes  into  the 
liquid  fatty  acids,  if  the  latter  be  prepared  by  the  lead-salt-ether  method 
m  contradistmction  to  those  olive  oils  (see  below)  which  simulate 
sesame  oil  m  the  Baudouin  test  {TortelU  and  Ruggeri  i). 

The  last-mentioned  eoloup  reaction  is  extremely  characteristic  of 
sesame  oil,  so  that  it  can  thereby  be  detected  with  certainty  in  mixtures 
with  other  oils.  This  test,  due  to  Camoin— generally,  however,  known 
as  the  Baudoum  reaction— is  the  only  colour  reaction  which  has  hitherto 
been^  found  absolutely  reliable  in  the  examination  of  natural  oils  and 
fats.  It  IS  all  the  more  valuable  as  the  chromogenetic  substance  is  not 
destroyed  by  heating  the  oil  to  250°  C.  for  twenty  minutes  {TortelU  and 
Rv^gen).  Nor  can  it  be  removed  by  filtering  the  oil  over  charcoal,  as 
the  author  has  ascertained  by  special  experiment.  On  reducing 
sesame  oil  with  hydrogen  in  the  presence  of  a  catalyst,  the  chromo- 
genetic substance  is  frequently  affected  (cp.  Vol.  I.  Chap.  VII.  p.  497). 

Baudouin's  test  is  usually  carried  out  in  the  form  recommended 
by  Villavecchia  and  Fahris  .-—Dissolve  O'l  grm.  of  sugar  in  10  c.c.  of 
hydrochloric  acid  of  spec.  grav.  M9  in  a  test-tube,  add  20  c.c.  of  the 
oil,  shake  thoroughly  for  one  minute  and  allow  to  stand.  The  aqueous 
solution  separates  almost  immediately ;  in  the  presence  of  even  the 
smallest  quantity  of  natural  sesame  oil  it  will  be  found  coloured  crimson. 

Villavecchia  and  Fahris  attribute  the  chromatic  reaction  to  the 
agency  of  levulose,  or  of  substances  produced  by  the  action  of  hydro- 
chloric acid  on  the  latter  ;  therefore  glucose,  maltose,  and  galactose 
cannot  be  used  in  place  of  saccharose.  The  main  product  of  the 
interaction  of  levulose  and  hydrochloric  acid  being  furfural,  the  latter 
can  accordingly  be  substituted  for  the  mixture  of  sugar  and  hydro- 
chloric acid.  Inasmuch  as  furfural  itself  gives  a  violet  tint  with  hydro- 
chloric acid,  it  is  necessary  to  use  a  dilute  solution  ;  it  has  been  found 
best  to  employ  a  2  per  cent  alcoholic  solution  of  furfural.  The  modified 
test  is  carried  out  in  one  of  the  following  two  forms  : — 

(a)  Place  0-1  c.c.  of  a  2  per  cent  furfural  solution  in  a  test-tube, 
add  10  c.c.  of  the  oil,  and  10  c.c.  of  hydrochloric  acid  of  spec.  grav. 
1-19,  shake  the  mixture  for  half  a  minute  and  allow  to  settle.  In  the 
presence  of  sesame  oil,  even  if  it  be  less  than  1  per  cent,  the  aqueous 
layer  wiU  acquire  a  distinct  crimson  colour.  In  the  absence  of  sesame 
oil  the  lower  layer  is  either  colourless,  or  has  at  most,  as  in  the  case  of 
a  very  rancid  though  puxe  olive  oil,  a  dirty  yellow  colour. 

(&)  Mix,  as  above,  0-1  c.c.  of  the  alcoholic  furfural  solution  with 
10  c.c.  of  the  oil,  and  add  1  c.c.  only  of  hydrochloric  acid,  agitate 
thoroughly  and  induce  separation  by  addition  of  10  c.c.  of  chloroform, 
when  the  aqueous  layer  will  float  on  the  top.   Even  less  than  1  per 

1  Chem.  Zeil.,  1898,  601. 

"  With  regard  to  the  iletootioii  of  sesame  oil  in  edible  fats  in  the  pre.sence  of  "butter 
colours  "  by  means  of  tliis  reaction  see  "  Biitterfat." 
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cent  of  sesame  oil  is  indicated  by  the  crimson  colouration  of  the  aqueous 

In  comparative  tests  it  is  important  to  use  little  furfural  and  strong 

hydrochloric  acid. 

These  two  methods  have  been  tried  with  a  large  number  of  olive 
and  arachis  oils  obtained  fi-om  various  localities,  and  further  rape 
(colza),  cotton  seed,  linseed,  walnut,  poppy  seed,  neat's  foot,  blubber 
and  fish  oils,  and  their  complete  reHabHity  has  been  confirmed.  With 
regard  to  oUve  oils  it  should  be  noted  that  some  Tunisian,  Algerian, 
and  Portuguese  ohve  oils  from  Douro  {Domergue,  Bmher,  Ferreira  da 
Silva),  as  also  some  ItaHan  ohve  oHs  {Lalande  and  Tamhon)  from  the 
province  of  Bari,  Brindisi,  and  Lecce,  give  a  colour  reaction  which  may 
create  a  doubt.  In  such  cases  Milliau  reUes  on  the  colour  test  given 
by  the  fatty  acids.  Also  Tortelli  and  Ruggeri  ^  recommend  to  test 
the  Hquid  fatty  acids,  since  the  chromogenetic  substance  of  such 
abnormal  olive  oils  does  not  pass  bito  the  hquid  fatty  acids.  Thus, 
distinction  between  such  olive  oils  and  olive  oils  adulterated  with 
sesame  oils  is  rendered  feasible.  ^ 

Hitherto  the  author  has  not  met  with  a  sample  of  sesame  oil  that 
failed  to  give  the  Baudouin  reactions,  although  his  experience  with 
sesame  oil  extends  over  a  large  number  of  years  and  embraces  all 
commercial  varieties  of  sesame  oUs,  both  of  edible  and  of  commercial 

quaUty.  q      i  j        v  • 

It  may,  however,  be  pointed  out  that  Partheil^  failed  to  obtain 
the  colour  reaction  with  a  sesame  oil  extracted  by  means  of  chloroform 
from  sesame  cake,  and  that  Weigmann  *  and  also  Soltsien  ^  met  with 
similar  failure  in  the  case  of  rancid  sesame  oil.  The  same  exceptional 
observation  has  been  made  by  Lauffs  and  Heismann.^  Curiously 
enough  the  last-mentioned  observers  did  obtain  the  Baudouin  reaction 
on  adding  cotton  seed  oil ;  hence  their  statement  requires  revision.' 

It  should  be  pointed  out  that  some  colouring  matters  which  are 
used  legitimately  for  colouring  butter  and  margarine  give  with  hydro- 
chloric acid  alone  a  reaction  similar  to  that  obtained  in  the  Baudouin 
test.  This  is  of  special  importance  for  the  detection  of  sesame  oil_  in 
margarine,  and  in  butter  adulterated  with  margarine  containing 
sesame  oil.  Some  of  these  colouring  matters  can  be  readily  removed 
by  washing  the  fat  with  hydrochloric  acid ;  others,  however,  require 
so  persistent  and  repeated  a  treatment  with  hydi-ochloric  acid  that 
finally  the  chromogenetic  substance  in  sesame  oil  is  destroyed  and 
the  furfural  test  cannot  be  obtained,  even  if  sesame  oil  be  present  (cp. 
Chap.  XIV.  "  Butter  Fat  "). 

To  meet  such  cases  the  Soltsien  test— colouration  on  treating  with 

'  Further  cotifiniiatiou  is  given  by  Waxiters,  Journ.  Soc.  Chevi.  Ind.,  1896,  136. 
2  (Jhem.  Xeil.,  1898,  601. 

Zeils.  f.  anyew.  Cliem.,  1898,  730. 
■»  Zeils.  f.  Unlers.  d.  Nalmjs-  u.  Oenussm.,  1901,  131. 
"  Ibid.,  1906,  xii. 

«  C'/i«7n.         1907,  102.3.  ,     ,  o, 

'  Cp.  Spriiikiiieycr,  Zeils.  f.  Unlers.  d.  Nalir;/s-  u.  Oenussm.,  1908  (xv.),  n. 
Kreis,  Chem.  ZeiU,  1908,  87.    Utz,  Cliem.  Revue,  1908,  112. 
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Bettendorff's  reagent  i— has  been  recommended.  As  this  test  is  pre- 
scribed officially  in  Germany  it  may  be  given  here.  According  to  the 
official  directions  2  5  c.c.  of  the  sample  are  dissolved  in  a  test  tube  in 
10  c.c.  of  petroleum  ether  and  2-5  c.c.  of  a  strongly  fuming  stannous 
chloride  solution.^  The  mixture  is  thoroughly  shaken,  so  that  a  homo- 
geneous mixture  results,  but  not  longer,  and  immersed  in  water  of 
40°  C.  After  the  stannous  chloride  solution  has  separated  out,  the 
test  tube  is  placed  in  water  at  80°  C.  in  such  a  manner  that  only  the 
stannous  chloride  solution  becomes  warm  and  the  petroleum  ether 
layer  does  not  commence  to  boil.  In  the  presence  of  sesame  oil  the 
stannous  chloride  solution  is  stated  to  show  after  warming  for  3  minutes 
a  distinct  red  colouration. 

The  author  is  unable  to  recommend  this  test  and  may  add  that 
if  applied  to  rancid  sesame  oil  it  always  fails.  Moreover,  fat  extracted 
from  cakes,  etc.,  prepared  with  pm-e  butter,  always  fm-nishes  a  red 
colouration.*  This  experience  agrees  with  the  view  that  the  chromo- 
genetic  substance  producing  the  Baudouin  test  is  not  identical  with 
the  substance  acting  in  stannous  chloride. 

Considering  the  reliability  of  the  Baudouin  reaction,  all  "  modifi- 
cations," and  other  colom-  reactions  that  have  been  proposed  and  are 
still  being  proposed,  are  of  no  importance.  Therefore  they  are  omitted 
in  this  treatise.^ 

Kreis  ^  detected  in  sesame  oil  a  new  substance,  which  he  considers 
to  be  a  phenol,  as  it  combined  with  diazo  compounds  ;  hence  it  was 
termed  "  sesamol."  According  to  Malagnini  and  Armanne  sesamol 
does  not  occur  in  the  fi-ee  state  in  sesame  oil,  but  as  a  complex  body 
from  which  "  sesamol  "  is  set  free  on  adding  a  mineral  acid. 

The  drying  power  of  sesame  oil  is  much  less  pronounced  than  that 
of  cotton  seed  oil.  In  the  LivacJie  test,  after  seven  days  only  2-4  per 
cent  of  oxygen  were  absorbed  ;  under  the  same  conditions  the  fatty 
acids  absorbed  2  per  cent  of  oxygen  after  eight  days. 

In  the  elaidin  test  sesame  oil  becomes  red  after  a  short  time,  and 

*  With  regard  to  this  test  see  Polen.ske,  Arb.  a.  d.  Kais.  Gesimdheitsamt,  1905,  570  ; 
Sprinkmeyer  uud  Waguer,  Zeits.  /.  (Inters,  d.  Nahrgs-  u.  Ocnttssm.,  1905,  x.  348  ; 
Pendler,  Cheni.  Revue,  1905,  10  ;  Soltslen,  Ohem,  Revue,  1906,  138  ;  Gorber,  Zeils,  f. 
(Inters,  d.  Nahrgs-  u.  Qenussm.,  1907,  xiii.  67. 

'■^  "  Batwuerl'e  zu  Pestsetzuiigen  ueber  Lebeusniittel,"  herausgagebeu  vora  Kaiserl. 
Oesundheitsamt,  Heft  2  ;  Speisefette  und  Speiseoele,  Berlin,  1912. 

•*  The  stannous  chloride  solutionis  prepared  by  mixing  5  parts  ol' crystalline  stannous 
chloride  with  1  part  (by  weight)  of  hydrochloric  acid  and  saturating  comiJletely  with  dry 
hydrochloric  acid,  allowing  to  separate,  filtering  through  asbestos  and  keeping  in  small 
stoppered  bottles  which  should  be  kept  completely  filled. 

■*  E.  Hofstiidter,  Zeits.  f.  (Inters,  d.  Nahrgs-  u.  Ocnussm.,  1909,  xvii.  436. 

°  Cp.  2ud  ed.  of  this  work,  pp.  391,  392.  Bellier,  Ann.  chim.  analyt.  appliq., 
1899,  217.  Btimer,  Zeits.  f.  (Inters,  d.  Nahrgs-  u.  Genussm.,  1899,  705.  Breinl, 
Cheni.  Zeit.,  1899,  647  ;  Va'ndevelile,  Bull,  de  I' Ass.  Beige,  1900,  May.  Kreis,  Ghem. 
Zeil.,  1902,  1014  ;  1903,  316,  1030.  Tambon,  Journ.  Pharm.  el  Chim.,  1901,  57. 
Utz,  Chem.  Revue,  1902,  177  ;  Journ.  Soc.  Ohem.  Ind.,  1902,  1196.  C.  Fleig,  lUdl. 
Soc.  Chim.  de  France,  1908,  984.    M.  Labat,  Bull.  Soc.  Pharm.  nordeaux,  1908  (.luly). 

"  Ghem.  Zeit.,  1903,  1030.  '  Ibid.,  1907,  885. 
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;icc[uires  a  dirty  reddish  brown  colour,  yielding  even  after  only  twenty- 
four  hours'  standing  a  semi-fluid  elaidin. 

By  reduction  with  hydrogen  in  the  presence  of  a  catalyst  sesame 
oil  is  converted  into  a  hard  fat  of  any  desired  iodine  value  according 
to  the  treatment  (see  "  Hydrogenised  Fats,"  "  Hardened  Fats,"  Vol. 
III.  Chap.  XV.). 

Paul  and  Roth  ^  obtained  by  catalytic  reduction  with  palladium  a 
slightly  yellowish  brittle  mass  conglutinating  at  59°  C.  and  melting  at 
69°  C,  which  absorbed  4-2  per  cent  of  iodine.  This  product  gave  the 
Baudouin  reaction  only  very  faintly.  On  reducing  the  product  of  the 
iodine  value  4-2  for  a  second  time  a  product  melting  at  65°-69°  C.  and 
absorbing  2  per  cent  of  iodine  was  obtained.  The  Baudouin  reaction 
was  fainter  still  than  that  of  the  reduced  product  which  absorbed  4-2 
per  cent  of  iodine.  After  keeping  the  solid  fat  of  the  iodine  value  2 
for  8  months  the  Baudouin  reaction  had  become  more  intense  although 
it  did  not  reach  the  intensity  of  the  original  oil. 

The  cold-drawn  sesame  oil  is  largely  used  as  an  edible  oil,  notably 
in  the  manufacture  of  margarine.  Since  small  quantities  of  sesame 
oil  are  easily  revealed  by  the  Baudouin  test,  it  has  been  made  obligatory 
in  Germany  and  Austria  to  use  at  least  ten  parts  of  sesame  oil  in  the 
manufacture  of  margarine  for  100  parts  of  fatty  matters  (cp.  "  Mar- 
garine," Vol.  III.  Chap.  XV.).  In  Belgium  5  per  cent  are  prescribed. 
The  finest  sesame  oils  are  consumed  as  table  oils  ;  small  quantities  of 
this  class  of  oil  are  used  in  the  production  of  perfumes  ("  enfleurage  "). 
Sesame  oil  finds  employment  in  perfumery  (for  the  extraction  of 
balsam  of  Peru,  sandalwood,  etc.). 

The  best  cold-drawn  oil  being  rather  high  in  price,  adulteration 
of  the  best  qualities  with  poppy  seed  oil,  cotton  seed  oil,  and  arachis 
oil  is  not  infrequent.  The  sesame  oils  of  second  and  third  expression 
are  frequently  adulterated  with  rape  oil. 

Poppy  seed  oil  is  detected  by  a  higher  iodine  value  than  the  normal 
one.  For  the  detection  of  cotton  seed  oil  the  melting  and  solidifying 
points  of  the  fatty  acids  should  be  determined.  The  iodine  value  of 
an  oil  suspected  of  being  adulterated  with  cotton  seed  oil  would  not 
afford  certainty.  The  iodine  value  of  the  liquid  fatty  acids,  as  also 
the  determination  of  the  tetrabromide,  carried  out  under  the  conditions 
described  in  Vol.  I.  Chap.  VIII.,  would  furnish  more  reliable  data.  As 
confirmatory  tests,  the  colour  reactions  of  cotton  seed  oil  described 
above  should  be  resorted  to. 

Arachis  oil  is  detected  by  the  isolation  of  arachidic  acid.  The 
addition  of  arachis  oil  would  lower  the  specific  gravity  of  the  sample. 

The  presence  of  rape  oil  wovdd  be  ascertained  by  a  low  specific 
gravity  of  the  sample,  low  solidifying  and  melting  points  of  the  fatty 
acids,  and  notably  a  low  saponification  value.  In  important  cases 
the  detection  of  behenic  acid  obtained  by  catalytic  reduction  of  erucic 
acid  would  be  required  (see  Vol.  I.  Chap.  VIII.  p.  553). 

Sesame  oil  is  in  its  turn  used  as  an  adulterant  of  fatty  oils,  notably 
of  poppy  seed  oil.    Admixture  of  sesame  oil  with  other  oils  is,  however, 

'  Berichle,  1909,  1550. 
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little  practised,  since  the  detection  of  the  smaUest  quantity  of  sesame 
oil  IS  rendered  easy  by  the  Baudouin  test. 

_  The  lower  qualities  of  sesame  oil  find  a  large  outlet  for  soap-making 
m  the  south  of  Europe  and  are  especially  used  in  the  manufacture  of 
the  Marseilles  mottled  soap  (cp.  Vol.  III.  "  Soap  Manufacture  ")  •  they 
are  also  used  as  bm-ning  oil  and  for  making  india-rubber  substitutes 
A  speciahty  of  the  Marseilles  trade  is  the  employment  of  oH  extracted 
horn  damaged  seeds  with  carbon  bisulphide  ^  in  the  soap  industry 
buch  extracted  oil  is  now  being  exported  to  Germany. 


BASSWOOD  OIL  ^ 

'Fvench.—Huile  de  hois  de  tilleul.  Geiman—Lindenholzdl. 
Italian — Olio  di  legno  di  tiglio. 

This  oil  is  obtained  from  basswood  {Tilia  americana,  L.)  (a  tree 
widely  distributed  in  America  from  Vii-ginia  to  the  Alleghany  mountains, 
in  Georgia,  Nebraska,  and  Kansas)  by  extracting  the  rasped  wood  with 
ether. 


Physical  and  Chemical  Characteristics  of  Basswood  Oil 


 — 

SpeciSc  Gravity. 

Solidifying  Point. 

Saponiflc.  Value. 

Iodine  Value. 

At  15°  C. 
(Water  15°  a  =  l). 

•c. 

Mp^rms.  ICOH. 

Per  cent. 

0-938 

-10 

178-1 

ill 

The  seeds  from  Tilia  parvifoUa  (  =  Tilia  cor  data,  Mull.)  yield  an  oil, 
the  characteristics  of  which  will  be  given  below  in  the  table  headed 
"  Lesser  known  semi-drying-oils." 


LEMON  PIPS  OIL 

French — Huile  de  pepins  de  citrons.  German — CitronenJcerndl. 
Italian — Olio  di  semi  del  limone. 

Lemon  pips  oil  is  obtained  as  a  pale  yellow  oil  having  a  bland  flavour 
recalling  that  of  almond  oil,  by  extraction  of  dried  and  ground  lemon 
pips  with  solvents. 

A  specimen  examined  by  Peters  and  Frerichs  ^  had  the  saponification 

^  Boutoux,  Les  Matiires  Grasses,  1910,  1857. 

^  Weichmaim,  Journ.  Soc.  Chem.  Ind.,  1895,  665. 

'  W.  Peters  and  G.  FrericLs,  Arch.  d.  Ptuirm.,  1902  [240],  659,  Journ.  Soc.  C/iem. 
Ind.,  1903,  102. 
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value  1884  and  the  iodine  value  109-2.    The  acetyl  value  of  the  sample 


is  given  as  13-65 


The  fatty  acids  are  stated  to  consist  of  palmitic,  stearic,  oleic,  and 
linolic  acids. 


I 


LUFFA  SEED  OIL,  LOOFAH  SEED  OIL 

Yxench—Huile  de  luffa.  Gevman—Schwammhurbiskerndl. 
Italian — Olio  di  luffa. 

Physical  and  Chemical  Characteristics  of  Luffa  Oil 


Specilic 
Gravity. 

Saponifica- 
tion Value. 

Iodine 
Value. 

Reicliert- 
Meissl  Value. 

Refractive  Index. 

Insoluble 
Acids-f  Un- 
saponfiable. 

Observer. 

At  15-5°  0. 
(water  at  15-5 
=  1) 

Mgrm.s. 
KOH. 

Per  cent. 

c.c.  norm. 
KOH. 

Butyro- 
refractometer. 
"  Degrees." 

0-9254 
0-921-0-926 

187-80 
193-195-8 

108-51 

1-43 
0-49-0-52 

62-0  at  40  C.° 

94-8 
93-8 

Crossley  and 
Le  Sueur  ^ 
D.  Hooper  ^ 

This  oil  is  expressed  in  East  India  from  the  seeds  of  Luffa  cegyptiaca, 
MiU.,  and  is  used  by  the  natives  as  an  edible  oil.  Small  quantities  of 
the  seeds  are  exported  from  British  Nigeria.^ 

The  oil  examined  by  Crossley  and  Le  Sueur  was  reddish  brown  m 
colour  and  had  a  slight  odour.  Titer  test  of  the  fatty  acids,  34:°-35°  C. 
(D.  Hooper). 


MYRTLE  SEED  OIL 


Yiench—Huile  des  semences  de  myrte.  Gevman—Myrtensamendl. 
Italian — Olio  di  semi  di  mirto. 

The  seeds  of  the  common  myrtle,  Mijrtus  communis,  L.,  contain 
12-15  per  cent  of  a  fatty  oil  of  characteristic  taste  and  pleasant  odour. 
The  following  characteristics  have  been  ascertained  : — 


Specific  gravity  at  15°  C.  . 
Saponification  value  . 
Iodine  value  .         .         .  • 
Reichcrt-Meissl  value 
Insoluble  fatty  acids  +  unsaponifiablo 
Maumen6  test  in  Tortelli's  thermoleometer 


0-9244 
199-8 
107-5 

9-65 

95-3  per  cent 
39"  C. 


1  ./(nmi.  Soc.  Ohem.  hid.,  1898,  991. 

2  Annual  Rr.pori,  Indinn  Museum,  1907-1908,  \).  15. 

='  British  Nvjeriu,  hy  V.  A.  Mocklor  I'enyman,  p.  318. 
■*  Sciirti  and  Perci:ibo»co,  Gazz.  Clum.  Hal.,  1907  (37),  i. 
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The  saponification  value  appears  to  be  very  low  in  view  of  the  high 
Reichert-Meissl  value.  The  number  given  for  the  Maumene  test  would 
also  appear  too  low,  considering  the  high  iodine  value,  whereas  olive 
oil  (lodme  value  83)  indicates  in  TortelU's  thermoleometer  a  rise  in 
temperature  of  44°  C. 

An  examination  of  the  fatty  acids  showed  that  the  oil  contains 
the  glycerides  of  myiistic,  palmitic,  oleic,  and  linolic  acids.  No  stearic 
acid  was  found  by  Hehner  and  Mitchell's  method. 


PECAN  OIL,  PACCAN  OIL 

This  oil  is  contained  in  the  nuts  of  Juglans  nigra,  L.,  a  tree  largely 
cultivated  in  North  America.  The  kernels  form  47  per  cent  of  the 
nuts  and  contain  70-4  per  cent  of  a  light  straw-coloured  oil,  having  a 
pleasant  pecan  odoui-  and  taste. 

The  oil  extracted  with  ether  gave  the  following  characteristics  :  ^— 


Specific  gravity  15/15°  C.        .         .         .  0-9184 

Saponification  value      ....  198-0 

Iodine  value  (Hiibl's  method)  .  .  .  106-0 
Reichert-Meissl  value  ....  2-2 
Insoluble  fatty  acids  +  unsaponifiable  .         .  93-4 


SPINDLE  TREE  OIL 

'FxeD.ck—Huile  de  bonnet  de  prHre.  Gevman—Pfaffenhiitchenol, 
Spillbaumol.  Italian — Olio  di  fusaggine. 

Koehs  2  obtained  from  the  arillus  and  the  seeds  of  the  spindle  tree 
{Evonymus  europcea,  L.),  35-2  per  cent  of  a  bright  reddish-brown  oil. 
This  deep  colour  is  due  to  the  colouring  matter  of  the  arillus  having 
been  extracted.  The  acid  value  of  the  specimen  examined  by  Kochs 
was  84  and  the  unsaponifiable  matter  was  very  high.  The  oil  had  the 
following  characteristics  : — 


Oil— 

Specific  gravity  at  15°  C. 
Solidifying  point 
Saponification  value 
Reichert-Meissl  value  . 
Butyro-refractometer  "  degrees  "  at  40°  C. 
Unsaponifiable  matter  . 

Fatty  Acids — 
Melting  point — commences  to  melt  at 
„      completely  melted  at 
Iodine  value  .... 
NeutraUsation  value 


0-9390 
- 10°  C. 
230-1 

35-31 

52 

6-83  per  cent 

38°  C. 

70°  C. 
105-3 
223-6 


'  A.  C.  Deiler  and  G.  S.  Traps,  Amer.  Ohem.  Journ.,  1910  (43),  90. 
"  Jahresh.  d.  Versuchs,  d.  k.  OarlnerlehransL,  Dahlein,  1906-1907. 
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The  exceedingly  high  saponification  and  Reichert-Meissl  values 
would  seem  to  confii-m  the  statement  (Vol.  I.  Chap.  III.)  that  the  oil 
contains  acetic  acid  in  the  form  of  triacetin.  In  view  of  the  extra- 
ordinarUy  high  saponification  and  Reichert-Meissl  values,  which  suggest 
the  employment  of  this  oil  as  a  butter  adulterant,  a  more  exhaustive 
examination  of  the  oil  is  required. 

For  the  oU  from  Evonymus  verrucosa  cp.  "  Lesser  known  semi- 
di-ying  oils,"  table  facing  p.  238. 


ANIS  SEED  OIL  ^ 

Yvench—Huile  de  graine  d'anis.  Gexmnn—Anissamendl. 
Italian — Olio  di  semi  d'  anice. 

This  oil  is  obtained  from  the  seeds  of  Pimpinella  anisum,  L.,  after 
the  ethereal  oil  has  been  diiven  off.  The  seeds  contain  over  25  per 
cent  of  a  fatty  oil,  which  has  a  slight  odour  resembling  that  of  henbane 
seed  oil.  The  fatty  acids  yield  on  oxidation  tetrahydroxystearic  acid 
(sativic  acid).  The  oil  absorbs  2-7  per  cent  oxygen  (determined  by 
Livache's  method)  in  three  days.  The  specimen  of  oil  examined  by 
Denjanow  and  Zypljankow  ^  had  the  acid  value  6-3. 

The  following  characteristics  were  determined  : — 

Oil — Specific  gravity  at  15°  C. 

Saponification  value  . 

Iodine  value 
Fatty  acids — SoUdifjdng  point 
Iodine  value  . 


178-3 
105-3 
0°  C. 
97-3  (? 


CROTON  OIL 

French — Huile  de  croton.  German — Crotonol. 
Italian — Olio  di  crotontiglio. 

For  tables  of  characteristics  see  p.  229. 

Croton  oil  is  obtained  from  the  seeds  of  Crolon  Tiglium,  L.,  a  tree 
belonging  to  the  Euphorhiacece,  indigenous  to  the  Malabar  coast,  and 
cultivated  in  Southern  Asia  and  China.  The  seeds  contain  53-56  per 
cent  of  oil.^ 

The  oil  has  an  amber-yellow,  or  orange,  or  brown  colour  according 
to  its  age,  has  a  nauseous  odour,  a  burning  taste,  and  acts  as  a  very 
powerful  purgative.  In  pharmacy  it  is  known  as  Oleum  crotonis. 
According  to  Robert  ^  there  are  some  kinds  of  croton  oil  in  commerce 

'  Journ.  Huss.  I'hys.  Qhcm.  Oes.,  1905,  624. 

-  With  regard  to  the  ocinirrenci!  ol'  an  enzyme  in  croton  seeds  cp.  Scurti  and 
Piirrozzani,  Ouzz.  Chim.  JtaL,  1907  (37),  486. 
Chem.  Zeit.,  1887,  416. 
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that  are  miscible  with  alcohol  in  every  proportion.  This  statement 
however,  only  holds  good  of  those  oils  that  have  been  extracted  from 
the  seeds  with  alcohol.  According  to  Javillier  i  oil  obtained  by  expres- 
sion or  by  extraction  is  only  miscible  with  absolute  alcohol  if  less  than 
one  volume  be  used;  on  mixing  equal  volumes  of  oil  and  absolute 
alcohol  turbidity  sets  m,  and  with  more  alcohol  complete  separation 
into  two  layers  takes  place,  whereas  oU  extracted  with  alcohol  is  soluble 
m  absolute  alcohol  in  every  proportion. 

The  author  examined  three  specimens  of  croton  oil  prepared  for 
pharmaceutical  purposes  by  reHable  firms.  One  volume  of  oil  was 
shaken  up  with  three  and  a  half  volumes  of  absolute  alcohol.  After 
separation  into  two  layers  had  taken  place,  the  amount  of  oU  dissolved 
by  the  alcohol  was  determined  quantitatively.  The  alcohol  had 
dissolved  from  the  three  samples— 24-4  per  cent,  25-5  per  cent,  and 
53-4  per  cent  respectively.  The  respective  specific  gravities  of  the 
oils  were  0-9428,  0-9418,  0-9375.  Hence  croton  oil  can  no  longer  be 
classed  together  with  castor  oil,  and  the  comparative  great  solubility 
of  the  oil  in  absolute  alcohol  must  be  ascribed  to  the  large  proportion 
of  glycerides  of  volatile  fatty  acids.  The  larger  the  proportion  of  free 
fatty  acids  the  greater  will  be  the  solubHity  of  the  oil  in  absolute  alcohol. 
Thus  the  above-mentioned  specimen,  of  which  24-4  per  cent  dissolved 
in  alcohol,  contained  7-9  per  cent  free  fatty  acids. 

Croton  oil  further  differs  from  castor  oil  by  its  solubility  in  petroleum 
ether  in  all  proportions. 

The  chemical  composition  of  croton  oil  differs  so  widely  from  that 
of  all  other  oils  that  its  recognition  by  means  of  the  quantitative  re- 
actions is  easy. 

Croton  oil  is  strongly  dextro-rotatory  (Peter  It  is  stated  to 
contain  the  following  fatty  acids  :— Stearic,  palmitic,  myristic,  lauric, 
valeric  (isobutyl  formic),  butyric,  acetic,  formic,  oleic,  linoUc,^  and 
tiglic.  On  standing,  croton  oil  deposits  some  "  stearine."  "  Croton- 
oleic  acid,"  said  to  constitute  the  purgative  principle  of  the  oil,  and 
described  as  a  non-volatile,  unsaturated  fatty  acid,  differing  from  oleic 
acid  in  that  its  barium  salt  was  soluble  in  alcohol,  is,  according  to 
Dunstan  and  Bole,^  a  resinous  substance  possessing  a  strong  vesicating 
action.^  Two  samples  examined  by  Lewhowitsch  ^  had  the  true  acetyl 
values  19-82  and  32-66  respectively.  The  proportion  of  unsaponifiable 
matter  in  several  specimens  amounted  to  0-55  per  cent. 

Croton  oil  has  weak  drying  powers  ;  it  thickens  somewhat  on 
exposure  to  air.    It  yields  no  solid  product  in  the  elaidin  test. 

1  Journ.  Phamn.  Ohim.  [6],  7,  524. 

Cp.  also  Rakusin,  Cham.  ZeiL,  1906,  143. 
'  Cp.  Fokin,  Journ.  Russ.  Phys.-Ohem.  Soc,  1907  (39),  607, 
•»  Journ.  Soc.  Chem.  Ind.,  1895,  985. 

^  Its  empirical  formula  i.s  CjgHjgOj  ;  it  is  a  hard,  pale  yellow,  brittle  resin,  nearly 
insoluble  in  water,  petroleum  ether,  and  benzene,  but  easily  soluble  in  alcohol,  ether,  and 
chloroform.  On  heating  it  softens  gradually,  and  is  quite  fluid  at  90°  C.  It  has  neither 
acid  nor  basic  properties  ;  it  is  decomposed  by  boiling  witli  alkalis,  yielding  a  rai.vture  of 
acids,  and  loses  thereby  its  vesicating  properties.  This  seems  to  point  to  this  substance 
being  a  lactone  or  an  anhydride. 

"  Analyst,  1899,  319. 
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By  hydrogenismg  a  specimen  of  croton  oil  of  tlie  iodine  value  99-8 
Paal  and  Roth's  method  (see  Vol.  I.  p.  59  ;  in  aqueous  emulsion 
prepared  with  the  aid  of  gum-arabic)  a  soUd  product  was  obtained 
which  conglutinated  at  40°  C,  melted  at  44°-48°  C,  and  had  the  iodine 
value  4-8.  On  further  treatment  a  solid  fat  melting  at  49°-51°  C.  was 
obtamed,  which  no  longer  absorbed  iodine.  The  solubihty  in  alcohol 
was  somewhat  less  than  that  of  the  original  oil,  and  the  bm-ning  taste 
of  croton  oil  was  no  longer  noticeable.  The  specific  physiological 
action  of  croton  oil  entirely  disappeared  in  the  hydrogenised  fat.i 

Owmg  to  the  slight  similarity  between  croton  oil  and  castor  oil, 
adulteration  of  croton  oil  with  castor  oil  has  occm-red.  Castor  oil 
in  croton  oil  would  increase  the  specific  gravity,  lower  the  iodine  value, 
and  raise  the  acetyl  value  considerably. 


ZACHUN  OIL,  BETU  OIL 


FTench—Huile  de  Zachun.  Germm—Zachunol. 
Italian — Olio  di  Zachune. 

This  oil  is  obtained  from  the  seeds  of  Balanites  (jegyptiaca,  Delile, 
a  tree  found  in  northern  tropical  Africa,  India,  and  Burmah. 

The  fi-uit,  which  is  at  first  green,  becomes  red  on  ripening,  and 
in  its  dry  state  somewhat  resembles  a  date.  It  consists  of  a  thin, 
brittle  shell,  enclosing  a  fleshy  mass  of  gummy  consistence  which 
firmly  adheres  to  the  hard  stone  ;  the  latter  furnishes  the  kernels.  The 
kernels  contain  49-64  per  cent  {Suzzi  2)  to  41-2  per  cent  (Milliau^)  of 
fatty  matter.  A  specimen  of  seeds  collected  from  Ghinda  in  Erythrea 
(Italian  African  colony),  gave  the- following  characteristics  (Suzzi)  :— 


Oil— 

Specific  gravity  at  15° 
Solidifying  point 
Saponification  value  . 
lodiae  value  . 
Maumene  test 

Fatty  Acids — 
Solidifying  point 
Melting  point 
Neutralisation  number 
Saponification  value  . 
Mean  molecular  weight 


0-9200 
-  0°  to  5°  C. 
194-1 
105-0 
75-5°  C. 

32°-30-6°  C. 
34-5°-37°  C. 

200-  0 

201-  6 
278-2 


The  samples  contained  0-48  per  cent  free  fatty  acids  (as  oleic  acid). 
The  oil  gave  neither  the  Halphen  nor  the  Baudouin  reactions. 

In  the  Egyptian  Sudan  the  fruit  is  known  as  "  Heglig  "  ;  the  oil 

1  JJerichte,  1909,  1546. 

^  I  semi  oleosi  e  gli  OH.    Published  for  the  Mihau  Exhibition,  1906. 
•''  AgricuUurc  2)rali(iuc  lies  Pays  Ohauds,  1904,  No.  16. 
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is  highly  prized  by  the  natives.    The  foUowing  characteristics  are  given 

by  the  Gordon  Memorial  College  :  ^— 

Specific  gravity  at  100°/100°  C.  •  0-^8819 

Melting  point      .         •         •         •         "       loJs  " 
Saponification  value      .         •         •  ^""'^ 
Iodine  value        .         .         ■         •  • 

•  A  specimen  of  oil  from  Nigerian  seeds,^  yielding  58-7  per  cent  of  oil, 
gave  the  following  numbers  : — 

Qll  

Specific  gravity  at  15°  C.         •         •         •  0-919 

Saponification  value      .         •         •         •  196-7 

Iodine  value   92-5 

Unsaponifiable  matter    .         .         •         •  0-6  per  cent 

Fatty  Acids — 

Insoluble  acids  +  unsaponifiable          .         •         95-2^per  cent 
Titer  test  9" 

In  German  Bast  Africa  the  fruits  are  known  as  Mkonga  fruits. 
Specimens  from  Morogoro  yielded  8-8  per  cent  of  seeds  contammg  from 
30-7  to  33-9  per  cent  of  oil  {Morstatt^).  The  oil  obtamed  from  the 
Mkonga  seeds  had  the  following  characters  {Arnold  *):— 

Specific  gravity  at  15°  C.  .         •         •  0-9173 
Saponification  value         •         •  195-6 

77.9 

Iodine  value  .         •         •         -         ' '  ^ 

A  new  oil-yielding  tree,  Balanites  Manghamii,  which  is  indigenous 
to  Portuguese  Bast  Africa,  produces  nuts  containing  about  60  per 
cent  of  an  oil  said  to  resemble  olive  oil.^ 


CUECAS  OIL,  PURGING  NUT  OIL,  PHYSIC  NUT  OIL 

Yvench—Huile  de  pignon  d'Inde,  de  pulghere,  de  purghere,  de  medicinier. 
German — Curcasol.  Italian — Olio  di  curcas. 

For  tables  of  characteristics  see  p.  233. 

Curcas  oil  {Oleum  infernale)  is  obtained  from  the  seeds  of  Jalropha 
Curcas,  L.  (purging  nut),  by  hot  pressing.  The  plant  is  cultivated 
in  tropical  America  and  in  all  Portuguese  colonies,  chiefly  in  the  Cape 
Verd  islands."  In  Reunion  the  plant  is  cultivated  as  a  support  of  the 
vanilla  plant.  (The  bark  of  the  plant  is  covered  with  a  wax  which  is 
most  likely  pure  myricyl  melissate  (melissyl  melissate),  J.  Sack.) 
The  seeds  consist  of  66  per  cent  of  kernels  and  34  per  cent  of  husks. 

1  1908,  412. 

2  Bnll.  Imp.  fnsL,  1908,  365. 

3  Der  PJlanzcr,  1910,  121. 

Zeit-ichr.  f.  Unla-K.  d.  Nahnjx-  u.  Ocnmnm.,  1912,  xxiii.  391. 
"  T.  A.  Spragiie,  Kew  JlulL,  1913,  iv.  131. 
«  KlGiu, /ieitschv.  f.  angew.  Chem.,  1898,  1012. 
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The  kernels  yield  on  extraction  with  ether  52  per  cent  of  oH  hence 
the  oil  m  the  whole  seeds  amounts  to  3i-3  per  cent.  The  fresh  oil  has 
a  pale  colour,  but  becomes  yeUow  with  a  reddish  tint  on  exposure  to 
the  air.  Its  unpleasant  odour  is  characteristic,  and  may  serve  to 
distmgmsh  cui-cas  oR  horn  other  oUs  ;  it  is  fui-ther  characterised  by  its 
strong  purgative  properties,  which  are  much  more  pronounced  than 
those  of  castor  oil. 

The  acid  values  of  commercial  samples  were  found  by  Lewlcowitsch 
and  Archhutt  8-5  and  0-7  respectively.  Klem  obtained  values  varying 
from  0-57  to  4-96.  The  proportion  of  unsaponifiable  matter  in  the  oil 
IS  0-5  to  0-58  per  cent  {Lewlcowitsch  ;  Klein).  The  acetyl  value  found 
was  84  {Lewlcowitsch)  and  9-8  {Archhutt).  100  parts  of  absolute 
alcohol  dissolve  at  15-5°  C.  about  2-17  volumes  of  oil  {Archhutt).  The 
oil  IS  insoluble  in  cold  glacial  acetic  acid,  but  dissolves  in  the  hot  solvent. 

On  standing  at  a  temperature  of  about  12°  C.  a  smaU  quantity  of 
solid  glycerides  separate.    According  to  Klein  curcas  oil  yields  about 

10  per  cent  of  solid  fatty  acids  (melting  at  57-5°  C,  and  solidifying  at 
53-5°  C.)  ;'  the  liquid  fatty  acids  consist  of  about  equal  proportions 
of  oleic  and  Itnolic  acids  as  ascertained  by  the  relative  quantities  of 
their  oxidation  products,  viz.  dihydroxystearic  and  tetrahydroxystearic 
acids.  The  existence  of  isocetic  acid  (Vol.  I.  Chap.  III.),  stated  by 
Bonis  to  occur  in  cm-cas  oil,  is  doubtful. 

The  oil  is  used  in  Portugal  for  soap-making,  as  an  illuminant,  and 
as  a  lubricating  oil ;  it  can,  however,  hardly  be  considered  suitable  for 
the  last-named  pm'pose,  as  the  oil  dries  in  about  24  houi-s  (cotton  seed 

011  drying  under  the  same  conditions  in  18-20  hom-s,  and  good  rape  oil 
in  48  hours,  Archhutt). 

The  seeds  of  Jatropha  oligandra,  Miill.,  yield  about  31-5  per  cent 
of  a  fatty  oil  of  the  specific  gravity  at  14°  C.  0-910,  havmg  pm'ging 
properties. 

The  seeds  of  Jatropha  multifida,  L.,  yield  28-5  per  cent  of  a  fatty 
oil  of  the  specific  gravity  0-918  at  25°  C. 

The  seeds  of  Jatropha  mahafalensis  obtained  fi-om  the  south  of 
Madagascar  contain  60  per  cent  of  a  fatty  oil  of  a  yellowish  colom-  and 
slight  fluorescence.  H.  Bimar  ^  ascertained  the  following  character- 
istics : — 

Oilr- 

Specific  gravity  at  15°  C.         .         .         .  0-9213 
Saponification  value      .         .         .  .194 
Iodine  value       .....       1^1 1-8 
Refractive  index  at  20°  C.       .         .         .  1-4648 

Fatly  Acids — 

Melting  point      .         .         .         .         .        21°  C. 
Iodine  value        .         .         .         .  .110 


'  JhiLl.  Sue.  Ohim.  de  Fra7ice,  1911,  914  ;  cp.  also  H.  Jumelle  and  H.  Penier  de  la 
Bathie,  Les  Matures  grasses,  1910,  2032. 
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_  The  oil  is  stated  to  dry  after  exposure  to  a  temperature  of  50°  C 
in  26  houi's. 

_  The  seeds  of  Jatropha  glandulifera  (a  small  evergreen  tree  common 
in  India  and  also  prevalent  in  the  waste  lands  of  tropical  Africa)  contain 
21-3  per  cent  of  a  straw-coloured  oil.  The  foUowing  characteristics 
were  ascertamed  by  Menon  ^  in  the  author's  laboratory  :— 

OiZ— 

Saponification  value  .....  194-5 

Reichert-Meissl  value          .         .         .         .  42 

Butyro-refractometer  at  20°  C.      .         .         .  76-5 

at  40°  C.     .         .         .  68-6 

Faity  Acids — 

Melting  point          .....  35°  C. 

Iodine  value  ......  119-6 

Neutralisation  value          ....  187-3 

Mean  molecular  weight       ....  299-4 


BRAZIL  NUT  OIL 

French — Huile  de  noix  de  Bresil.  German—Paranussol. 
Italian — Olio  di  nod  del  Brasile. 

For  tables  of  characteristics  see  p.  235, 

Brazil  nut  oil  is  obtained  from  the  seeds  of  the  Brazilian  nut  tree, 
Bertholletia  excelsa,  Humb.  and  Bonp.,  belonging  to  the  Myrtacece 
(Lecythiadacece)  (the  "  Para,"  or  "  Juvianus  tree  ")  indigenous  to  the 
forests  of  the  Orinoco  and  Amazon  rivers,  and  now  largely  cultivated 
in  tropical  South  America.  The  seeds  bear  the  native  name  kohohho 
and  are  well  known  as  "  Brazil  nuts  "  or  "  Para  nuts."  ^  They  contain 
up  to  73  per  cent  of  the  fatty  oil,  calcidated  to  dry  seeds  *  (the  amount 
of  water  in  the  seeds  being  7-8  per  cent). 

The  oil  has  a  pale  yellow  colour  and  is  odourless  ;  its  taste  is  similar 
to  that  of  the  nuts  themselves. 

On  standing,  even  at  the  ordinary  temperature,  the  oil  deposits 
"  stearine."  A  sample  examined  by  Niederstadt  ^  contained  16  per 
cent  of  free  fatty  acids.  In  South  America  Brazil  nut  oil  is  expressed 
for  edible  purposes. 

The  total  export  of  Brazil  nuts  in  1908  amounted  to  8200  tons,  of 
which  4400  were  exported  to  the  United  States,  3400  to  the  United 
Kingdom,  and  300  to  Germany. 

1  Jour7i.  Soc.  Chem.  Intl.,  1910,  1430. 
This  liigli  value  may  be  due  to  the  oil  having  become  rancid,  as  its  acid  value  was 

15-8. 

'  The  Brazil  nuts  must  not  be  confounded  with  the  "sajjucaia"  nuts  from  Lecythis 
Zabucajo,  yielding  "Paradise  nut  oil."    See  below,  p.  380. 

"  Greahoil,  Chem.  Zeit.,  1906,  856.  "  Berichtc,  1902,  144. 
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236  GLYCERIDES — SEMI-DEYING  OILS 

The  nuts  which  have  become  mouldy  in  transit  to  Europe  are 
expressed,  and  the  oU  thus  recovered  is  used  for  soap-making,  or  as  a 
substitute  for  inferior  kinds  of  olive  oil.  An  English  patent  of  1847  i 
claims  the  expression  of  Brazil  nut  oU  for  bui-ning  and  lubricating 
pui-poses,  the  press  cake  to  be  used  as  cattle  food  and  for  manuring 
the  land. 


MUCUNA  OIL  ^ 

French — Huile  de  mucuna.  GGvman—Mucunadl. 
Italian — Olia  di  mucuna. 

This  oil  is  obtained  fi'om  the  seeds  of  the  different  species  of  Mucuna, 
a  plant  belonging  to  the  Leguminosce,  viz.  M.  urens,  M.  jJruriens,  De 
C.,^  M.  cylindro-sperma,  M.  monosperma. 

The  oil  characterised  in  the  following  lines  was  obtained  from  the 
seeds  of  the  "  cow-itch  "  bean,  Mucuna  capitaia,  De  C,  occm-ring  in 
the  Dutch  Indies  (described  in  Eumphius'  Herbarium  Amboinensis  as 
Cacara  nigra).  The  fi'eshly  ground  seeds  yielded  to  petroleum  ether 
2-08  per  cent  of  an  oil  having  the  acid  value  6-7.  The  oil  extracted 
from  ground  seeds  which  had  stood  for  about  two  months  showed  a 
higher  specific  gravity,  higher  acid  value,  higher  saponification  value, 
and  lower  iodine  value. 

Amongst  the  solid  fatty  acids  palmitic  acid  and  stearic  acid  were 
identified.  The  acetyl  value  was  determined  by  Benedild  and  Ulzer's 
method,  but  in  view  of  the  strictures  passed  by  the  author  on  this 
method  (Vol.  I.  Chap.  VIII.),  the  number  is  not  recorded  here. 


Physical  and  Chemical  Characteristics  of  Mucuna  Oil 


Specific 
Gravity  at 
100'  (water 
15°= 1) 

Solidifying 
Point. 
°C. 

Melting 
Point. 
°C. 

Saponifica- 
tion Value. 

Mgrms. 
:  KOH. 

Iodine 
Value. 
Per  Cent. 

Reichert- 
Meissl  Value. 
c.c.  A  KOH. 

Refractive 
Index. 
Butyro- 
refractometer. 
,  "Degrees" 
at  25°  C. 

0-865 

3-5 

16 

178-22 

104 

0-77 

66-2 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Melting  Point. 

Neutralisation  Value. 

Iodine  Value. 

37* 

196-6 

112-9 

I  J.  B.  Wilks,  Engl,  patent  1774,  1847. 
W.  P.  H.  Van  der  Driessen  Mareeuw,  Phann.  Weekblad,  1906,  No.  9  ;  1909  (46), 

881. 

"  This  species  appears  to  be  identical  with  Mucuna  pruriia,  Hook.,  the  leaves  of 
which  are  used  lor  dyeiug  black. 
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SORGHUM  OIL 

Yvench—Huile  de  sorgho.    German— SorgJiumol. 
Italian — Olio  di  sorgo. 

Sorghum  oil  obtained  from  the  dried  seeds  of  Sorghum  cernuum, 
Host.,  which  is  largely  cultivated  in  Tui-kestan,  is  characterised  by  a 
peculiar  odour ;  it  represents  a  yellow,  vaseline-like  mass  which  dries 
slowly. 


Physical  and  Chemical  Characteristics  of  Sorghwm  Oil 


Specific  Gravity 
at  15°  0. 

Melting  Point. 
°  C. 

Saponification 
Value. 

Iodine  Value. 

Reichert-Meissl 
Value. 

0-9282 

39-40 

172-1 

98-89 

2-1 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+ Uusaponifiable. 

Melting  Point. 
°  C. 

Iodine  Value. 

96-1 

43-44 

101-63 

Iodine  Value  of  the 
Liquid  Patty  Acids. 

148-08 

The  specimen  examined  by  Andrejew  ^  had  an  acetyl  value  of  6-85. 
The  amount  of  lecithin  calculated  from  the  phosphorus  in  the  ash  was 
0-23  per  cent.  According  to  Andrejew,  the  mixed  fatty  acids  of  the  oil 
consist  chiefly  of  erucic  acid,  and  small  quantities  of  oleic,  ricinoleic, 
and  linohc  acids.    These  statements  stand  in  need  of  confirmation. 

This  oil  must  not  be  confounded  with  the  oil  from  Sorghum  vulgare.^ 


COUMOU  OIL,^  BATAVA  OIL  * 

French — Huile  de  coumou.  German — Comuol. 
Italian — Olio  di  coumou. 

Coumou  oil  is  obtained  from  the  kernels  of  the  palm  trees  :  GEno- 
carfus  batava,  Mart.,  CE.  bacaba,  Mart.,  which  frequently  occur  in 

'  Chem.  ZeU.  Hep.,  1903,  283.  *  Chem.  Revue,  1904,  106^ 

^  l'.iwHii:rc,  Journ.  I'harm.  Ohim.,  1903,  323. 
^  Patttva  oil  appears  to  be  n  corruption  of  batavn  oil. 
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tropical  South  America  and  bear  a  berry-like  fruit,  which  ripens  all 
through  the  year.    The  kernels  are  boiled  out  with  water,  when  a  pale 
yellow  limpid  oil—"  coumou  oil,"  "  batava  oil  "  i— rises. 
Gr^mme  2  ascertained  the  following  characteristics  :— 


Oil— 

Specific  gravity  at  15°  C. 
Solidifying  point  . 
Melting  point 
Saponification  value 
Iodine  value 

Refractive  index  at  15°  C. 

Fatty  Acids — 

Insoluble  acids +unsaponifiable 

Unsaponifiable 

Solidifying  point  . 

Melting  point 

Neutralisation  value 

Iodine  value 

Refractive  index  at  45°  . 


0-  9248 
-9°  C. 
-  7-5°  C. 

190-5 
80-0 

1-  4691 


96-06  per  cent 

0-  76  per  cent 
17-8 

19-5 
190-2 
85-3 

1-  4502 


PINOT  OIL,  PARA  PALM  OIL,  PARA  BUTTER  ^ 

Fxench—Huile  de  pinot,  Beurre  de  Para,  Beurre  du  palmier  de  Para. 
German— Pinotol,  Parapalmdl,  Kohlpalmol,  Parabutter.  Italian 
— Olio  di  pinot. 

Pinot  oil  is  obtained  from  the  kernels  of  Euterpe  oleracea,  Mart., 
known  as  the  pinot  or  ouassey  palm  in  Brazil  and  French  Guiana. 
In  the  latter  country  it  grows  in  profusion  in  the  salt  marshes  of  the 
lowlands,  where  it  replaces  the  mangroves.  These  localities  are  known 
under  the  name  "  pinotikes."  By  crushing  the  kernels  and  boiling 
them  with  water,  the  oil  rises  to  the  top.  In  its  fresh  state  pinot  oil 
is  a  clear  oil  having  a  pleasant,  slightly  aromatic  flavour. 

Pinot  oil  is  a  semi-drying  oil ;  on  finely  divided  lead  it  absorbs 
4-5  per  cent  of  oxygen  in  four  days.  The  fatty  acids  are  stated  to 
consist  of  52  per  cent  of  oleic  acid  and  48  per  cent  of  soUd  acids.  This 
statement  is  greatly  at  variance  with  the  iodine  value,  given  as  136. 
The  saponification  value  also,  stated  to  be  162-4,  stands  in  need  of 
confirmation.  The  mixed  fatty  acids  are  stated  to  melt  at  12°  C.  The 
sample  examined  was  six  months  old,  and  contained  42  per  cent  of  fr-ee 
fatty  acids. 

In  Brazil  and  Guiana  the  fat  is  used  in  the  fr-esh  state  for  edible 
purposes. 

Lesser  known  semi-dpying  oils,  see  tables  on  opposite  page. 

'  Patava  oil  appears  to  be  a  corruption  of  batava  oil. 
2  CJiem.  Revue,  1910,  233. 
"  Bassiere,  Journ.  Pharm.  Chim.,  1903,  323. 


Fatty  Oils  from  Plants  of  the  Order  UmbelUferce  ^ 


Oil. 

Fatt!/  Acids. 

Oil  from 

German. 

Som:ce. 

Specific 
Gravity. 

Solidifying 
Point. 

Refractive 
Index. 

Saponi- 
fication 
Value. 

Iodine 
Value 
CWijs). 

Fatty 
Acids. 

Unsaponi- 
flable 
Matter. 

Melting 
Point. 

Solidifying 
Point. 

Neutral- 
isation 
Value. 

Mean 
Molecular 
Weight. 

Iodine 
Value 
(Wijs). 

Refrac- 
tive 
Index, 
at  35°. 

Caraway  seed 
Parsley  seed 
Celery  seed 
Anise  seed 
Fennel  seed 
Dill  seed 
Carrot  seed 
Cumin  seed 
Chervil  seed 
Coriander 
Ajowan  seed 

Kumnielol 

Petersilienol 

SeUerieol 

Anisbl 

Fenchelol 

DiUol 

Mohrenol 

Romiscli  Kummelol 
Gartenkerbelol 
Corianderol 
Ajovanol 

Carum  Carvi,  L. 
Petrosetinum  satimm,  Hoffm. 
Apium  gravcolens,  L. 
Pimpinella  Anisum,  L. 
Foeniculum  o^inafe,  AIL 
Anetku7n  draveoleus,  L. 
Vancus  carotit,  L. 
Cu77nnum  Cyminutn,  L. 
A7ithrUcus  cerefolium^  Hoffm. 
Goriandrum  salimmt  L. 
PtychoUs  ajowatit  B.C. 

0-9268  (15°) 
0-9243  (16°) 
0-9236  (15°) 
0-9232  (16°) 
0-9304  (16°) 
0-9282  (25°) 
0-9296  (16°) 
0-9256  (15°) 
0-9266  (16°) 
0-9284  (16°) 
0-9267  (15°) 

°C. 
-7° 

-  14° 

-  12° 
-3° 
-2° 
-  2° 
-6° 
-8° 
-9° 
-4° 
-2° 

1-4710  (35°) 
1-4778  (35°) 
1-4783  (36°) 
1-4738  (16°) 
1-4795  (36°) 
1-4796  (36°) 
1-4723  (30°) 
1-4720  (30°) 
1-4672  (36°) 
1-4704  (30°) 
1-4710  (35°) 

178-3 
176-5 
178-1 

178-  4 

181-  2 
176-0 

179-  4 
179-3 
183  1 

182-  0 
176-8 

128-5 

109-  5 
94-8 

108-6 
99-0 
119-6 
105-1 
91-8 

110-  2 
99-8 

108-8 

per  cent. 
91-06 

91-  67 
93-00 

92-  62 
89-82 
92-66 
92-0 
91-63 
91-92 

91-  14 

92-  56 

per  cent. 
2-74 

2-  18 
0-79 

0-  96 

3-  68 

1-  14 

1-  53 

2-  06 

1-  46 

2-  26 
1-13 

°C. 

-7° 
-7° to  -8° 

-2° 
1  -  2°  to  -  3° 
1  -  1°  to  -  2° 

6° 

- 1°  to  -  2° 
-1° 
4°  to  6° 
3°„  4° 
4°„  6° 

°C. 

-  8°  to  - 10° 

-10° 

-  4°  to  -  5° 

0° 

0° 
l°-2° 
-  5° 
-4° 

2° 

1° 

3° 

182-  8 
180-1 

177-  2 

179-  0 

180-  5 

181-  0 
179-0 
181-6 

183-  2 
179-6 

178-  0 

307-2 
311-8 
316-9 
313-7 

311-  1 
310-3 
313-7 
309-3 
307-3 

312-  6 
315-5 

124-6 

108-  2 
93-4 

1100 
98-8 

114-2 

102-7 
90-1 

116-7 
98-6 

109-  2 

1-4679 
1-4679 
1-4778 
1-4704 
1-4710 
1-4760 
1-4626 
1-4748 
1-4580 
1-4593 
1-4650 

I  C.  Grimme,  Pharm.  Zenfmlh.,  1911,  661. 


Fatty  Oils  from  Plants  of  the  Order  Papilionacece  ^ 


oa. 

Fatty  Acids. 

Oil  from 

German. 

Source. 

Yield. 

Specific 
Gra-vity. 

Solidi- 
fying 
Point. 

Saponi- 
fication 
Value. 

Iodine 
Value. 

Refractive 
Index. 

Fatty 
Acids. 

Unsaponi- 
flable 
Matter. 

Melting 
Point. 

Solidifying 
Point. 

Neutrahsa- 
tion 
Value. 

Mean 
Molecular 
Weight. 

Iodine 
Value 
(Wijs). 

Refractive 
Index. 

per 

°C. 

per 

per 

°C. 

cent. 

cent. 

cent. 

°C. 

CQiick  pea 

Kichererbseniil 

Cicer  arietinum,  L. 

6-1 

0-9184  (15°) 
0-9193  (15°) 

-15 

182-6 

118-5 

1-4717  (30°) 

02-62 

1-08 

18  to  21 

15  to  16 

189-4 

296-5 

120-3 

1-4587  (40*) 
1-4659  (35°) 
1-4679  (36°) 

Common  pea  . 

Erbsenbl 

PisuTn  sativum,  L. 

1-0 

-12 

184-5 

106-0 

1-4766  (35°) 
1-4766  (30°) 

92-68 

1-32 

26  „  27 

24„25 

183-5 

306-1 

108-4 

Broad  bean 

Saubohnenol 

Vi£ia  Faba,  L.  var.  Tnajor 

1-07 

0-9176  (16°) 
0-9204  (20°) 
0-9208  (15°) 
0-9211  (25°) 

-11 

184-7 

99-6 

91-81 

1-94 

25  „  26 

22  „  23 

183-3 

306-4 

102-0 

Vetch 

Wickendl 

Vicia  saliva,  L. 

1-05 

-8 

180-5 

107-2 

1-4795  (30°) 
1-4748  (40°) 
1-4766  (40°) 

90-69 

2-20 

30  „  32 

26  „  28 

180-8 

310-6 

105-8 

1-4704  (35°) 
1-4704  (36°) 

Lentil 

Zaunwickenol 

Vicia  sepium,  L. 

1-4 

-8 

183-1 

111-0 

91-81 

204 

33„34 

30  „  31 

186-9 

302-1 

111-0 

Pigeon-pea 

Linsenol 

LeJis  esciUenla,  Monch. 

0-83 

-6 

182-4 

100-4 

92-06 

1-78 

25  „  26 

22  „  23 

182-0 

308-6 

103-0 

1-4698  (40°) 
1-4691  (36°) 

Erbsenbohnenbl 

Cafanus  iitducus,  Spreng. 

1-22 

0-9198  (.25°) 
0-9266  (25°) 
0-9179  (15°) 
0-9198  (16°) 

188-2 

102-7 

1-4633  (36°) 

91-31 

2-33 

29  „  31 
32„33 

24  „  25 
27  „  28 

186-7 

302-5 

104-0 

Minogo  bean  . 

Mungobohnenol 

Phaseolus  Mungo,  L. 

1-85 

9±0 

187-5 

111-3 

1-4640  (45°) 

92-13 

127 

185-8 

302-4 

114-2 

1-4723  (40°) 
1-4679  (40°) 
1-4653  (40°) 
1-4704  (46°) 
1-4640  (44°) 
1-4633  (46°) 

Haberle  haricot  bean 

Bohnenbl 

Phaseolus  vulgaris  albus,  Haberle 

1-32 

-4 

189-2 

136-7 

1-4789  (46°) 

87-51 

5-85 

22  „  23 

19 

180-5 

311-0 

136-0 

Scarlet  runner 

Feuerbohnenbl 

Phaseolus  coccimus.  Lam. 

1-83 

-12 

180-6 

141-2 

1-4760  (40°) 
1-4772  (40°) 

91-96 

1-69 

14  „  15 

13 

187-0 

300-3 

143-6 

Moon-bean 

Mondbohnenol 

Phaseolus  luiuUus,  L. 

1-0 

0-9212  (25°) 

1 

189-3 

99-8 

92-32 

0-98 

29  „  31 

26 

188-2 

298-4 

101-6 

01  der  unschbnen  Bohne 

Phaseolus  inamoenus,  L. 

1-26 

0-9206  (25°) 
0-9192  (26°) 
0-9228  (26°) 

_  9 

188-7 

118-9 

1-4646  (45°) 
1-4710  (45°) 

92-23 

1-11 

26  „  27 

23 

182-8 

307-2 

121-7 

Helmbohnenbl 

Dolichos  Lahlab,  L.  * 

1-42 

_  2 

187-5 

94-4 

01-86 

1-54 

35„36 

33 

180-0 

312-0 

97-0 

Vignabobnenol 

Vigna  catfang,  Endl. 

1-28 

_  2 

186-6 

100-8 

1-4672  (40°) 
1-4686  (45°) 
1-4626  (40°) 

93-79 

1-69 

85  „  36 
32  „  34 

32 

189-4 

296-5 

99-4 

1-4620  (40°) 

Fetich  bean 

Fetischbohnendl 

Caiiavalia  ensiformis,  D.C. 

2-81 

0-9169  (16°) 
0-9176  (16°) 

-7 

186-5 

86-1 

92-78 

1-29 

29 

189-0 

297-1 

92-3 

1-4593  (45°) 

Thon 

Erderbsendl 

Voandzeia  subierranea,  Thon. 

6-24 

2 

184-1 

112-0 

92-30 

1-38 

26  „  27 

22 

185-1 

303-4 

112-8 

1-4566  (45°) 

1  C.  Grimme,  Pharm.  Zentralh.,  1911,  1141. 
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(/3)  The  Rape  Oil  Group 

AU  the  members  of  this  group  are  obtained  from  seeds  of  plants 
belonging  to  the  Crucifem. 

Their  drying  powers  are  not  of  a  pronounced  character  ;  the  elaidm 
obtained  fi'om  them  is  a  buttery  mass.  _  •  . 

The  most  characteristic  property  of  the  oil  of  this  group  is  that 
their  saponification  values  are  lower  than  those  of  any  other  vegetable 
oU  owing  to  the  presence  of  erucic  acid  in  these  oils.  Arachidic  acid 
also  appears  to  form  a  normal  constituent ;  this  acid  has  been  found 
in  a  large  number  of  rape  oils,  as  also  in  a  specimen  of  mustard  oil. 

The  opinion  held  for  a  long  time  that  these  oUs  contain  sulphur 
has  been  shown  to  be  erroneous ;  aU  "  cold-drawn  "  rape  oUs  are 
free  from  sulphur,  and  absence  of  that  element  m  an  oil  does  not, 
therefore,  prove  absence  of  rape  oU.  , 

This  opinion  is  due  to  the  fact  that  cruciferous  seeds  (especiaUy 
mustard  seeds)  contain  potassium  myronate  (sinigrin)  and  an  enzyme 
(myrosin)  which  in  the  presence  of  moisture  produces  glucose  and 
amongst  other  products  allyl  isothiocyanate.  Hence  frequently  cakes 
kept  under  unsuitable  conditions  give  rise  to  the  development  of 
(ethereal)  mustard  oil.^ 

Presence  of  sulphur  in  rape  oils  may,  however,  point  to  a  rape  oil 
which  has  been  expressed  at  a  high  temperature  or  extracted  with 
carbon  bisulphide. 

I  describe  under  this  group  the  following  oils  :  Garden  cress  oil, 
ravison  oil,  rape  oil,  black  mustard  oil,  white  mustard  oH,  radish 
seed  oil,  jamba  oil. 


GARDEN  CRESS  OIL 

'Fiench.—Huile  de  cresson  alenois.  GeTman—GarlenJcressensamendl. 
Italian — Olio  di  crescione. 

For  tables  of  characteristics  see  p.  240. 

Garden  cress  oil  is  obtained  fi-om  the  seeds  of  the  garden  cress, 
Lepidium  sativum,  L.,  containing  from  23  to  25  per  cent  of  oil. 

The  high  iodine  value  of  this  oil,  and  especially  its  exceptionally 
high  thermal  reaction,  place  it  nearer  to  the  two  oils  from  cruciferous 
plants  described  already,  viz.  cameline  oil  and  garden  rocket  oil  (drying 
oil),  than  to  the  other  oils  of  the  rape  oil  group.  Garden  cress  oil  ranks, 
therefore,  among  the  slowly  drying  oils. 

'  For  the  determlnntion  of  ethereal  mustard  scud  oil  cp.  p.  2(53,  and  C.  Bnoux, 
Aim.  (Jhim.  Analyl.,  1912,  3. 


CHAV.  XIV 


GARDEN  CRESS  OIL  RAVISON  OIL 


241 


On  saponifying  the  oil,  its  peculiar  odom-  disappears,  and  an  un- 
pleasant fish-like  smell  is  developed,  more  strongly  in  the  case  of 
extracted  than  of  pressed  oU.  On  Uberating  the  fatty  acids,  the 
oritfinal  odour  reverts  to  some  extent. 

"in  East  India  garden  cress  oil  is  used  as  an  edible  oil. 


EAVISON  OIL 

French — Huile  de  ravison.  German — Ravisonol. 
Italian — Olio  di  ravizzione. 

For  tables  of  characteristics  see  p.  242. 

The  oil  from  Black  Sea  rape  seed,  a  kind  of  wild  Brassica  campestris 
(cp.  "  Eape  Oil,"  p.  243),  is  known  in  commerce  as  Black  Sea  rape  oil 
or  ravison  oil.    The  seed  contains  33-40  per  cent  of  oU. 

Ravison  oil,  like  rape  oil,  contains  small  amounts  of  arachidic  acid. 
Specimens  of  ravison  oil  examined  by  Archbutt  and  Deeley  ^  yielded 
from  1-45  to  1-66  per  cent  of  unsaponifiable  matter.  A  sample  examined 
in  my  laboratory  prepared  from  ravison  seed  contained  1-83  per  cent. 

Ravison  oil  has  a  higher  iodine  value  than  rape  oil  and  exhibits 
stronger  drying  properties.  It  is  therefore  not  so  suitable  for  lubricating 
purposes  as  rape  oil,  and  its  admixture  with  (or  substitution  for)  rape 
oU  must  be  looked  upon  as  adulteration.  Since  ravison  oil  is  mostly 
extracted  by  means  of  solvents,  traces  of  the  latter  are  left  in  the  oil. 
They  are  most  readily  detected  by  taking  the  flash  point  of  the  oil. 
A  commercial  oil  examined  by  the  author  had  the  flash  point  396°  C. 
(in  Grm/s  tester,  Vol.  III.  Chapter  XV.). 

1  Lubricants  and  Lubrication,  p.  106. 
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RAPE  OIL  [colza  OIL] 

Frencli — Huile  de  colza.  German — Eubol. 
Italian— O^w  de  colza. 

For  tables  of  characteristics  see  pp.  245-248. 

The  different  kinds  of  commercial  rape  oil  are  obtained  from  the 
seeds  of  Brassica  campestris  and  several  largely  cultivated  varieties  of 
this  species  belonging  to  the  natural  order  CrucifercB.  The  oils  from 
these  plants  are  indiscriminately  termed  rape  oil  or  colza  oil,  especially 
m  this  country ;  on  the  Continent,  however,  two  different  kinds  of  oil 
are  understood  under  the  last  two  names.  According  to  the  variety  of 
the  plant  from  which  the  seed  is  derived,  the  foUowing  oUs  may  be 
broadly  differentiated : — 

1.  Rape  oil  (French.— Huile  de  navette ;  German— Rapsdl,  Repsdl) 
from  the  seeds  of  Brassica  campestris,  var.  Napus,  L. 

2.  [Rubsen  oil]  Fxench— Huile  de  rabette;  Geiman-Riibdl,  Riib- 
senol ;  from  the  seeds  of  Brassica  campestris,  var.  Rapa,  L. 

Both  Brassica  species  furnish  several,  by  no  means  sharply  dis- 
tinguished, varieties,  which  are  again  divided,  according  to  the  season 
of  the  year,  into  several  races.  Thus  Brassica  Napus  oleifera  biennis, 
Roxb.  (  =  5.  Napus  B.  oleifera,  D.C.  =  B.  N.  oleifera  hiemalis,  Doll.) 
yields  the  winter  variety  (Winterraps,  Winterkohbaps,  Setzolsamen, 
Lewat,  Kohkaps,  Kohlsaat  or  Colza) ;  and  the  annual  form,  Brassica 
Napus  oleifera  prcecox,  Roxb.  (  =  S.  N.  annua,  Koch  =  5.  N.  oleifera 
annua,  Metzg.),  the  summer  variety  (Sommerreps,  Sommerkohlrepps, 
Sommerkohlsaat,  Summercolza). 

Brassica  Rapa  {  =  B.  asperifolia,  Lam.  =  5.  campestris,  L.)  also  is 
grown  as  a  winter  seed  {Br.  Rapa  oleifera,  I>.G.  =  B.  R.  oleifera  biennis, 
Metzg.  =  5.  campestris,  B.  oleifera,  D.C.  =  £r.  R.  oleifera  hiemalis. 
Martens)  termed  in  Germany  Winterriibsen,  Winterolriibe,  Wintersaat, 
Riibsaat ;  and,  as  a  summer  seed,  Brassica  Rapa  oleifera  annua,  Metzg. 
{  =  Br.  campestris,  Koch  =  5r.  campestris,  L.  =  Br.  pi-wcox,  Kitaibel  = 
R.  oleifera). 

Although  the  winter  and  summer  varieties  of  rape  oil  differ  in 
consistence,  the  summer  oU  being  thinner  and  solidifying  at  a  lower 
temperature,  it  is  impossible  to  distinguish  further  the  last-mentioned 
varieties  by  their  chemical  or  physical  characteristics.  Moreover,  as 
in  the  trade  aU  three  varieties  are  indiscriminately  sold  (at  any  rate  in 
this  country)  as  rape  oil  or  colza  oil,  I  comprise  within  the  two  tables  of 
the  physical  and  chemical  characteristics  of  the  oil  and  its  mixed  fatty 
acids  all  the  data  that  have  been  furnished  by  the  several  observers  who 
examined  the  commercial  rape  oils.  It  is  very  desirable,  however, 
that  full  particulars  as  to  variety  and  source  be  given  when  character- 
istics of  rape  oils  are  published. 

0.  Grimme  ^  has  undertaken  an  exliaustive  inquiry  of  tliis  kind 

1  Plia/rm.  Zenlralh.,  1912  (27),  733. 
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into  the  varieties  of  Brassica  oleracea,  L. ;  Brassica  Rapa,  L. ;  and 
BrassicaNapus,  L. ;  and  has  given  the  characteristics  of  the  oils  and  fatty 
acids  derived  from  (1 )  the  following  ten  varieties  of  Brassicaoleracea,  L.  :— 
B.  0.  acephala  vulgaris,  D.C.  ;  B.  o.  a.  quercifoUa,  'D.C.  ;  B.  o.  a.  crispa, 
B.C.  ;  B.  0.  gemmifera,  D.C.  ;  B.  o.  sahauda,  L.  ;  B.  o.  ca2ntata  alba,  L.  ; 
B.  0.  ca2ntata  rubra,  L.  ;  B.  o.  gongylides,  L.  ;  B.  o.  boirytis,  L. ;  B.  o. 
asparagoides,  D.C.  ;  (2)  the  following  four  varieties  of  Brassica  Rapa, 

: — Brassica  Rapa  oleifera  annua,  Koch  ;  B.  R.  o.  hiemalis,  Martens  ; 
B.  R.  rapifera,  Metzger  ;  B.  R.  teltoviensis,  Alefeld ;  (3)  the  following 
five  varieties  of  Brassica  Napus,  L.  -.—B.  N.  oleifera  annua,  Koch  ; 
B.  N.  0.  hiemalis,  Doell ;  B.  N.  o.,  D.C,  flore  alba ;  B.  N.  rapifera, 
Metzger  ;  B.  N.  rapifera,  var.  Metzger. 

For  the  details  of  this  laborious  research  the  reader  must  be  referred 
to  the  original  paper.  It  may  suffice  here  to  collate  the  maxima  and 
minima  for  the  oils  from  the  Brassica  species  : — 


JSnL't.iica  ohnwea 
10  Varieties. 

Brassica  Rapa 
4  Viirieties. 

Jlnissica  Napus 
5  Varieties. 

Oil— 

Specific  gravity  at  15°  C.  . 

0-9198- 

-0-9226 

0-9170- 

-0-9200 

0-9172- 

-0-9210 

Solidifying  point,  °  C. 

-4  to  -9 

-6  to  -10 

-5  to  -12 

Saponification  value  . 

174-4- 

-180-3 

174-7- 

-178-9 

171-3- 

-180-1 

Iodine  value  .... 

93-6- 

-101-9 

96-4- 

-100-0 

95-3- 

-104-6 

Refractive  index  at  20°  C. 

1-4723- 

-1-4739 

1-4723- 

-1-4728 

1-4710- 

-1-4726 

Fatty  Acids — 

Fatty  acids,  per  cent  . 

93-89- 

-94-53 

94-10- 

-94-28 

94-14-94-80 

Unsaponifiable  matter,  per  cent 

0-72- 

-1-42 

0-92- 

-1-04 

0-83- 

-1-12 

Solidifying  point,  °  C. 
Melting  point,  °  C. 

6- 

-19 

9- 

-15 

6- 

-15 

11- 

-21 

13- 

-17 

8- 

-19 

Neutralisation  value  . 

177-0- 

-181-8 

177-2- 

-183-5 

175-4- 

-181-3 

Mean  molecular  weight 

307-2- 

-318-0 

306-0- 

■317-0 

309-8- 

-320-2 

Iodine  value  .... 

98-0-107-1 

99-2-107-1 

100-9- 

-106-5 

Refractive  index  at  20°  C. 

1-4634-1-4651 

1-4627- 

-1-4644 

1-4625- 

-1-4647 

It  should  be  pointed  out  that  the  specific  gravities  are  abnormally 
high  and  do  not  agree  with  the  specific  gravities  of  the  usual  commercial 
rape  oils,  although  the  saponification  and  iodine  values  are  within  the 
normal  limits.  The  specific  gravity  figures  must,  therefore,  be  accepted 
with  reserve. 

The  percentages  of  ethereal  mustard  oil  obtainable  from  the  seeds 
of  the  above  19  Brassica  varieties,  4  Brassica  Rapa,  and  5  Brassica 
Napus  varieties,  varied  from  0-051  to  0-259  per  cent  in  the  seeds,  and 
from  0-079  to  0-357  per  cent  in  the  extracted  seed  meal  according  to  the 
determinations  of  C.  Grimme.^  For  the  corresponding  percentages  of 
ethereal  oil  obtained  from  several  species  of  mustard  seeds,  see  p.  264. 
The  determinations  were  carried  out  according  to  the  directions  of  the 
German  Pharmacopoeia,  5th  ed. 

The  following  table  gives  the  haracteristics  of  some  Indian  rape 
oils : — 


1  Pharm.  Zenlralh.,  1912  (27),  733. 
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For  fiuther  numbers  cp.  p.  256. 

Rape  seed  is  grown  in  almost  all  Eui-opean  countries.  In  1^  ranee 
and  in  Bebium  the  winter  variety  of  Brassica  Napus  is  chiefly  cultivated. 
Enormous  quantities  are  grown  in  East  India.  The  bulk  of  the  East 
Indian  seed  is  imported  into  England  fi'om  Calcutta,  Madras,  Bombay, 
Guzerat,!  ^nd  Ferozepore.  Up  to  a  few  years  ago  considerable 
quantities  of  Japanese  rape  seed  oil  reached  the  European  market. 
Thus  in  1906,  351,400  kin  ^  of  oil  were  exported ;  m  1907  the  export 
had  reached  3,156,800  kin.  In  consequence  of  the  large  imports  into 
Japan  of  Manchurian  soya  bean  cake,  the  Japanese  production  of  rape 
seed  has  greatly  decreased.  The  foUowing  tables  give  the  amounts  of 
rape  seed  worked  up  by  the  United  Kingdom,  France,  and  Germany  :— 

1  The  species  yielding  the  Giizerat  seed  is  known  as  Brassica  glauca. 
2  1  kiu  =  lj  lbs. 
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Rape  Seed  Production  in  France  and  Imports  into  France 
(Double  hundredweights) 


Tbot. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 

1907 

1908 
1909 
1910 
1911 
1912 


Production. 


Colza. 


Navette. 


572,993 
638,236 
620,163 
425,310 
379,332 
388,943 
376,435 
527,541 
496,327 
371,005 


55,635 
53,507 
51,778 
35,165 
30,349 
36,489 
37,161 
54,361 
49,777 
44,876 


523,610 

560,740 
590,500 
519,890 
461,590 
1 


European 
Colza. 


64,017 
55,652 
19,244 
11,470 

150,164 
48,420 

116,095 
47,927 
22,449 
69,216 
8,126 

1,379 


Imports. 


Navette. 


27,898 
114,457 

43,164 

19,653 
452,252 
223,175 
334,452 

21,298 
2,539 
300,948 

19,080 


2,174 

"414^980" 

589,310 
849,710 
780,480 
660,730 


Indian  Kape  Seed 
including  Mustard 
Seed. 


460,936 
539,131 
258,104 
647,271 
299,890 
579,293 
605,226 
780,664 
580,071 
209,093 
495,687 

605,397 
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German  Exports  of  Rape  Seed 


To 

11)11. 

lill'2. 

3038 

2833 

1919 

2188 

522 

629 

j  United  States  of  America  . 

302 

474 

The  values  of  the  rape  seed  exports  from  India  and  tlie  distribu- 
tion of  the  exported  quantities  is  detailed  in  the  following  table  :— 
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Rape  seed  is  cruslied  between  rollers  and  the  meal  is  either  expressed 
or  extracted  with  carbon  bisulphide  or  petroleum  ether.  The  extracted 
oil  is  as  a  rule,  purer  than  the  expressed  oil,  since  a  considerable  amount 
of  mucilaginous  matter  passes  into  the  oil  when  the  seed  is  expressed. 
The  cakes  obtained  by  expression  form  an  excellent  cattle  food,  if  the 
seed  has  been  tolerably  pure,  i.e.  tee  from  mustard  seed  and  wild  seeds. ^ 
The  extracted  meal  is  unsuitable  ^  as  cattle  food,  and  is  chiefly  used  as 
manm-e,  at  any  rate  in  this  country,  although  some  meal,  especially  on 
the  Continent,  finds  its  way  into  compound  cakes. 

Kape  (colza)  seed  contains  from  33  to  43  per  cent  of  oU.  The  seed 
harvested  in  the  North  of  France  contains  43  to  45  per  cent ;  Danubian 
seed  38  to  40,  and  Indian  seed  from  42  to  45  per  cent. 

Crude  rape  oil  is  dark  in  colour — "  brown  rape  oil  "  of  commerce — 
and  before  being  put  on  the  market  it  is  refined  by  treatment  at  the 
ordinary  temperature  with  about  one  per  cent  of  strong  sulphuric  acid 
(TMnard's  process),  which  coagulates  and  carries  down  the  impurities. 
At  present  a  mixture  of  acid  and  water  in  equal  proportions  is  preferred.^ 
The  acid  must  be  carefully  drawn  off,  as  otherwise  in  the  subsequent 
washing  with  water  troublesome  emulsions  are  formed  ;  hence  conically 
shaped  vessels  are  preferred  for  the  acid  treatment.  The  settled  oil  is 
then  washed  with  water  until  free  from  mineral  acid.  The  black  waste 
acid  does  not  seem  to  be  recovered.  Gqffart  *  proposed  to  convert  it 
into  a  consistent  grease  by  heating  with  zinc. 

The  refined  oil  of  commerce  is  pale  yellow  ;  it  has  a  characteristic 
smell  [which  may  serve  to  identify  the  oil]  and  has,  except  the  finest 
qualities,  an  unpleasant  harsh  taste.    The  term  "  colza  oil "  can  no 
longer  be  taken  as  being  exclusively  applicable  to  oil  expressed  from 
the  finest  French  seed,  as  was  the  case  about  forty  years  ago.  For 
with  the  increased  consumption  of  colza  oil,  rape  seeds  from  other 
countries  were  used  for  the  manufacture  of  "  colza  oU,"  especially 
German  seed,  such  as  rubsen  seed  from  Brassica  campestris,  var.  rapa. 
Since  Indian  rape  seed  has  been  introduced  in  European  oil  mills,  the 
term  "  colza  oil  "  has  become  a  generic  term,  denoting  a  refined  rape  oil 
from  the  various  commercial  rape  seeds.    Therefore,  the  restriction  of 
"  colza  oil  "  to  a  French  oil  or  even  a  German  oil  no  longer  holds  good, 
and  "  colza  "  oils  are  sold  in  trade  which  are  made,  from  Indian  seed, 
such  as  Cawnpore  seed  and  Guzerat  seed.    It  shoiild  fiu-ther  be  noted 
that  "  colza  oil "  was  originally  an  oil  which  had  been  obtained  by 
expression,  and  the  term  "  best  refined  colza  oil  "  must  still  be  held  as 

^  Witli  regard  to  rape  cakes  aucl  their  purity  see  G.  Jorgeusen,  Landw.  VcrmclLs.^l., 
15)10,  xxiii.  1.  With  regard  to  "  greening"  of  rape  calies  see  L.  Bussard,  Les  Matiercs 
grasses,  1911,  2199.    Cp.  also  C.  Brioux,  Ann.  Clwii.  Aiialyt.,  1912  (17),  3. 

^  For  a  process  of  i)repariiig  extracted  rape  (and  ravisoii)  seeil  meal  for  u.se  as  cattle 
fooil  cp.  A.  W.  Macllwaiiie  and  J.  Caley,  English  i)atent  1853,  1899. 

For  a  refining  process  embracing  the  following  operations  :  emulsifying  oil  by 
heating  with  brine,  heating  emulsion  with  a  solution  of  sodium  and  zinc  sulphates  and 
tin  protochloride,  separating  the  oil  and  treating  with  ]iotassi\ini  chlorate  and  hydrochloriu 
acid,  and  finally  treating  with  a  40  per  cent  solution  of  formaldeliyde  cp.  Qernuin  ]iatent 
209.128,  A.  van  dc  Kerkhove, 

■*  French  patent  350,001. 
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rightly  belonging  to  an  expressed  oil  such  as  is  used  for  edible  purposes. 
This  class  of  edible  rape  oil  is  largely  used  by  bakers  for  greasing  the  ends 
of  loaves  in  the  oven  ("  bread  oil ").  [Linde  ^  heats  rape  oil  with 
bread  crumbs  or  milk  to  about  180°  C.  so  as  to  impart  to  it  a  peculiar 
taste.] 

There  are  also  in  the  market  pure  refined  colza  oils  which  have 
been  obtained  by  extraction  with  solvents.  These  are  of  distinctly 
inferior  quaUty  ;  their  origin  is  immediately  revealed  by  their  taste. 
Colza  oils  of  this  class  are  not  objectionable  as  burning  oils,^  but  being, 
as  stated  already,  of  a  distinctly  inferior  quality,  they  are  valued  in 
commerce  at  a  lower  figure. 

Jamba  oil  (see  p.  274)  simulates  rape  oil,  although  the  jamba  oil  is 
distinctly  inferior  in  quality  ;  as  jamba  oils  are  now  coming  in  large 
quantities  on  the  market  the  distinction  between  rape  oils  and  jamba 
oils  has  gained  some  importance  (see  p.  274). 

Saturated  fatty  acids  occur  in  rape  oil  to  a  small  amount  only. 
Tolman  and  Munson  found  by  the  lead-salt-ether  method  1-02  per  cent 
(and  less)  of  soUd  fatty  acids.  What  Reimer  and  Will  ^  termed  behenic 
acid  in  rape  oil  has  been  shown  by  J.  E.  Alen  *  and  Ponzio  ^  to  be  in 
reality  crude  arachidic  acid  {i.e.  a  mixture  of  arachidic  acid  and  lignoceric 
acid).  Archhutt  ^  confii-med  the  occm-rence  of  "  arachidic  acid  "  in  a 
number  of  commercial  rape  oils.  His  determinations  are  reproduced  in 
the  following  table  : — 


Origin  of  Oil. 


Crude,  several  years  old,  from  Rubsen 
Crude,  several  years  old,  from  Raps  . 
Kusteudje  (Black  Sea) 
Refined,  Stettin  .... 


Oil  prepared  in  the  Laboratory  from  Guzerat 
seed  


Crude  Arachidic  Acid. 


Per  cent. 
0-59 
0-36 

0-  84 

1-  14 


Melting  Point. 
69-2 

69-  0 

70-  4 
69  0 


After  purification  by  one  recrystal- 
lisation  from  90  per  cent  alcohol, 

0-  91  72-2 

1-  61  71-1 
After  purification  by  twice  re- 
crystallising  from  50  c.c.  of  90 
per  cent  alcohol, 

1-43  I  73-1 


Amongst  the  unsaturated  fatty  acids,  erucic  and  rapic  acids  have 
been  identified.    On  subjecting  the  mixed  fatty  acids  to  the  lead-salt- 

1  United  States  patent,  692,187.  ,    .  ,  ^  „ 

2  Rape  oil  imported  to  Australia  as  "burning  oil  "  must  be  denatured  with  5  gallons 
of  "blown  "  rape  oil  (see  Vol.  III.  Chap.  XV.)  and  10  oz.  of  birch  tar  oil  (of  spec.  grav. 
0-926)  at  20°  C.  per  100  gallons  of  oil. 

^  Berichte,  1887,  2888. 

<  .%e/isA  JTenuVc  n't/sAn/^,  1892,  78  ;  1893,  179. 

6  Journ.  f.  prakt.  Chem.,  1893  [48],  487  ;  Journ.  Soc.  Chem.  hid.,  1894,  2Zu . 

»  Journ.  Soc.  (Jliem.  fnd.,  1898,  1009. 
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ether  process  of  resolving  the  mixed  fatty  acids  into  "  solid  "  and 
"  liquid  "  acids,  enicic  acid  remains  to  a  large  extent  with  the  solid 
acids  Hence  the  "  solid  "  acids  of  rape  oil  obtained  by  this  method 
are  characterised  by  a  high  iodine  value,  62,  and  low  melting  point 
(cp  Vol.  I.  pp.  544  and  553).  For  the  detection  and  estimation  of 
erucic  acid  see  Vol.  I.  p.  553.  Since  the  iodine  value  of  the  unsaturated 
liquid  fatty  acids  Ues  in  the  neighbourhood  of  120,  whereas  the  respective 
iodine  values  of  rapic  and  erucic  acids  are  90-07  and  75-15,  the  presence 
of  unsaturated  fatty  acids  belonging  to  the  linoUc,  or  to  the  hnolenic 
series  must  be  suspected.  Indeed  Hehner  and  Mitchell  obtained  3-6 
per  cent  of  a  brominated  acid  melting  at  179°  C.  ;  the  same  compound 
was  also  isolated  by  Famsteiner,  and  by  Walker  and  Warhurton  m  the 
author's  laboratory;  the  last-named  observers  obtained  2-4  to  3-4 
per  cent  of  ether  insoluble  bromide. 

On  standing,  "  stearine  "  separates  from  rape  oil  at  the  ordinary 
temperature.  A  specimen  of  rape  "  stearine  "  gave  the  following  result 
(Halenke  and  Mdslinger  ^)  : — 


Melting  Point. 
°C. 

Saponification  Value. 

Fat  . 
Fatty  acids 

38-5 
34 

161-76 
160-05 

It  follows  from  these  numbers  that  the  "  stearine  "  consisted  practically 
of  trierucin  only. 

Reimer  and  Will  ^  obtained  from  a  specimen  of  crude  rape  oil 
"  stearine,"  by  dissolving  the  solid  mass  in  ether,  filtering  and  pre- 
cipitating with  alcohol,  colourless  needles  melting  at  47°  C.  These 
consisted  of  pure  dierucin.  The  formation  of  dierucin  is  due  to  hydrolysis 
of  the  oil  having  been  arrested  at  the  first  stage  ^  (see  Vol.  I.  Chap.  II.). 

According  to  Normann,^  dierucin,  although  frequently  met  with  in 
crude  oil,  has  never  been  found  in  refined  oil. 

The  amount  of  the  unsaponifiable  matter  contained  in  rape  oU 
varies  from  0-5  to  1  per  cent.  This  figure  is  rarely  exceeded.  Rape  oils 
containing  larger  amounts  of  unsaponifiable  matter,  exceeding  2  per 
cent,  should  be  looked  upon  with  suspicion.  According  to  Windaus 
and  Welsch  ^  the  "  phytosterol  "  from  rape  oil  consists  of  a  mixture  of 
brassicasterol  (Vol.  I.  p.  278)  and  of  a  "  phytosterol "  which  is  similar 
to,  but  not  identical  with,  sitosterol ;  the  alcohol  melted  at  142°  C. 
(whereas  sitosterol  melts  at  136°-137°  C),  and  its  acetate  at  134°  C.  ; 
its  propionate  at  116°  C,  cinnamate  at  151°  C,  and  benzoate  at  143°  C. 

It  appears  that  Siegfeld  "  had  the  brassicasterol  acetate  in  his  hands, 
for  after  having  prepared  the  "  rape  oil  phytosteryl "  acetate,  melting 

'  Corresp.  d.  Vereins  d.  bayer.  Ohem.  No.  1. 

-  Ikrkhle,  1886,  3320.  •'  Cp.  C.  L.  Heiiner,  Bcrichte,  1907,  256. 

■*  Chem.  Zeit.,  1907,  211.  ^  lierichte,  190G,  4378. 

"  Zeits.f.  (Inters,  d.  Nahrgs-  u.  Oenussm.,  1904  [vii.],  581. 
VOL.  II  S 
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after  the  fifth  crystallisation  at  135-5°  C,-136-5°  C,  he  found  in  the 
mother  liquors  an  acetate  melting  after  the  thirteenth  crystallisation  at 
145-6°  C.-146-6°  C. 

Commercial  rape  oil  as  a  rule  contains  free  fatty  acids.  In  view  of 
the  iniportance  which  the  proportion  of  fi-ee  fatty  acids  has  on  the 
valuation  of  commercial  rape  oils  intended  for  lubricating  pm-poses 
and  for  burning,  I  collate  in  the  following  table  some  observations  :— 


Free  Fatty  Acids  in  Rape  Oils 


Description  of  Oil. 


Edible  oil     .      .  . 
Commercial  oil,  expressed 
extracted 


Indian  oils 


No.  of 
Samples. 


Free  Fatty  Acids  in 
terms  of  Oleic  Acid. 


Per  cent. 

3 

0-63-1-82 

9 

0- 52-6-26 

2 

0-77-M 

5 

2-43-6-24 

50 

1-7-5-5 

5 

1-05-3-9 

10 

0-7-2-01 

0-7-5-2 

Observer. 


Nordlinger 


Thomson  and 
Ballantyne 

Archbutt 

Deering 

Crossley  and 
Le  Sueur 

Lewkowitsch 


Eape  oil  absorbs  in  Livache's  test  2-9  per  cent  of  oxygen  after  seven 
days,  whereas  the  fatty  acids  absorb  ordy  0-9  per  cent  after  eight  days. 
The  oil  thickens  and  becomes  rancid  without,  however,  drying.  Rape 
oil  may,  therefore,  be  considered  as  representing  a  class  of  oils  occupying 
an  intermediate  position  between  the  semi-drying  and  the  non-drying 
oils. 

It  is  most  likely  due  to  this  sUght  drying  power  that  old  rape  oil 
samples  exhibit  notable  acetyl  numbers.  Thus  LewJcowitsch  found  in 
a  sample  of  old  colza  oil  the  acetyl  value  14-7,  and  Gripper  values  varying 
from  24  to  41-7. 

The  following  table,  due  to  Gripper,^  gives  the  characteristics  of  a 
number  of  old  rape  oUs  which  had  been  kept  in  corked  bottles  in  full 
daylight  for  the  times  stated.  For  comparison,  the  numbers  obtained 
for  fresh  rape  oil  are  added.  It  appears  that  air  had  access  to  the  oil, 
as  the  specific  gravities  and  viscosities,  as  also  the  acetyl  numbers  and 
soluble  fatty  acids,  had  increased,  whilst  the  iodine  values  had  decreased. 

1  Journ.  Soc.  Chem.  Ind.,  1899,  342. 
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The  changes  which  rape  oil  undergoes  on  blowing  with  air  at  100°  C. 
have  been  investigated  by  Procter  and  Holmes.^  Their  results  are 
reproduced  in  the  following  table  : — 


Blown. 

Specific  Gravity. 

T?  ( *  1  V.'i  p  f ,  i  VP  1 11  (\  (J  V 

Iodine  \'(tlue. 

Hours. 



0 

0-911 

1-4748 

120-0 

3 

0-913 

1-4749 

97-0 

6 

0-913 

1-4750 

94-0 

9 

0-913 

1-4750 

90-0 

12 

0-913 

1-4751 

89-0 

15 

0-914 

1-4754 

89-0 

18 

0-915 

1-4756 

88-0 

21 

0-919 

1-4756 

87-0 

24 

0-922 

1-4758 

86-0 

In  the  elai'din  test  rape  oil  does  not  give  characteristic  indications. 

Eape  oil  is  largely  adulterated  according  to  market  prices  with  one 
or  more  of  the  following  fatty  oils  :  linseed  (hemp  seed),  poppy  seed, 
cameline,  cotton  seed,  ravison,  hedge  mustard  oUs,  and  also  with  refined 
fish  and  blubber  oils.  Paraffin  and  rosin  oils  are  also  frequently  added 
fraudulently. 

In  order  to  "  correct "  the  specific  gravity,  which  may  have  been 
raised  by  the  addition  of  the  last  named  two  unsaponifiable  oUs,  sperm 
oil  is  also  added.  Paraffin  and  rosin  oils  are  easily  detected  by  estimat- 
ing the  amount  of  unsaponifiable  matter.  The  presence  of  sperm  oil 
also  increases  the  amount  of  unsaponifiable  matter,  as  it  yields  on  saponi- 
fication 37  to  41  per  cent  of  unsaponifiable  substances.  Hence,  the 
examination  of  the  unsaponifiable  matter  for  the  presence  of  sperm  oil 
alcohols  may  become  necessary  in  special  cases.  (Cp.  Vol.  I.  Chap.  IX. 
p.  601). 

The  addition  of  large  quantities  of  linseed,  hemp  seed,  poppy  seed, 
cameline,  fish  and  blubber  oUs  is  readily  recognised  by  a  high  iodine 
value,  and  chiefiy  by  determining  one  of  the  following  characteristics  : 
specific  gravity,  melting  point  of  the  fatty  acids,  thermal  tests,  saponi- 
fication value,  and  also  the  viscosity  of  the  oil. 

The  speeifle  gravity  of  rape  oil  rarely  exceeds  0-916,  and  this  may 
be  considered  for  practical  purposes  as  the  limit,  although,  as  will  be 
seen  from  the  table  given  above,  higher  values  have  been  recorded. 
Thus,  of  fifty-two  samples  examined  by  Archbutt — 

7  samples  had  a  specific  gravity  below  0-9140 
27  „  „  „  above  0-9139  but  below  0-9150 

18  „  „  „  „     09149       „  0-9160 

The  specific  gravities  of  the  other  fatty  oils  that  may  be  used  as 
adulterants  being  higher  than  0-9160,  a  sample  of  oil  the  specific  gravity 

'  Jouru.  Sue.  Okcm.  Ind.,  1905,  1287. 
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of  which  exceeds  that  figure  must  be  looked  upon  with  suspicion.  Of 
coiu'se,  presence  of  an  unsaponifiable  oil  cannot  be  detected  by  deter- 
mination of  the  specific  gravity  alone  ;  it  has  been  pointed  out  akeady 
that  the  specific  gravity  of  an  adulterated  oil  is  usually  "  corrected." 
(For  abnormally  high  specific  gi-avities  of  some  rape  oils  prepared  on  a 
small  scale  see  table,  p.  262.) 

The  melting  point  of  the  fatty  acids  and  the  solidifying  point  (titer 
test)  of  an  adulterated  sample  is  higher  than  the  normal  one  if  cotton 
seed  oil  has  been  added  ;  on  the  other  hand,  it  is  lowered  by  the  presence 
of  linseed  oil  or  of  any  of  the  other  oils  mentioned  above.  If  cotton 
seed  oil  be  suspected,  the  Halphen  colour  reaction  may  be  used  as  a 
confirmatory  test.  In  case  heated  cotton  seed  oil  had  been  used,  this 
test  will  fail.  The  nitric  acid  colour  test  is  too  uncertain  in  the  presence 
of  rape  oil. 

The  thermal  test  with  sulphui-ic  acid  or  bromine  ^  is  still  largely 
used,  although  the  indications  furnished  by  the  iodine  value  are  much 
more,  reliable.  The  thermal  reactions  indicate  admixtm-e  of  linseed  or 
other  drying  oUs,  or  semi-drying  oils,  such  as  cotton  seed  oil. 

The  saponification  value  of  the  sample  under  examination  will 
easily  lead  to  a  decision  as  to  whether  any  other  fatty  oil,  with  the 
exception  of  an  oil  belonging  to  the  rape  oil  group,  such  as  ravison  or  hedge 
mustard  oil,  is  present  to  a  notable  extent.  Owing  to  the  large  propor- 
tion of  erucic  acid  in  rape  oil,  its  saponification  value  is  very  low,  lower 
than  that  of  any  of  the  fatty  oils  mentioned  above.  [Castor  oil,  which 
is  also  characterised  by  a  low  saponification  value,  would  be  detected 
by  the  specific  gravity  and  high  acetyl  value  of  the  suspected  sample.] 
It  should,  however,  not  be  forgotten  that  a  low  saponification  value 
results  also  in  the  presence  of  unsaponifiable  oils.  In  that  case  the 
latter  must  be  separated  first,  and  the  neutralisation  value  of  the  fatty 
acids  is  determined  subsequently. 

The  following  are  the  saponification  values  of  the  fifty-two  samples 
of  rape  oil  examined  by  Archhutt : — 

4  samples  170  to  171 

12  „  171  „  172 

9  „  172  „  173 

14  „  173  „  174 

n  „  174  „  175 

1  „  175  „  176 

1  „  176  „  177 

It  may  be  repeated  that  the  other  members  of  the  rape  oil  class  also 
have  low  saponification  values. 

The  determination  of  the  iodine  value  should  not  be  omitted,  for 
this  number  affords  valuable  guidance  as  to  the  presence  of  oils  which 
belong  to  the  rape  oil  group  but  are  not  derived  from  the  cultivated 
seed.  Such  oils  (ravison  oil,  etc.),  cannot  be  detected  by  the  saponi- 
fication value  alone,  but  are  indicated  by  somewhat  high  iodine  values, 


'  Op.  Archbutt,  Jouru.  Soc.  Chem.  Jiid.,  1897,  311. 
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especially  if  the  latter  be  associated  with  high  specific  gravity  numbers. 
The  figures  given  in  the  table  of  "  characteristics  "  under  the  heading 
"  iodine  value,"  as  also  th,e  numbers  given  in  the  following  table,  will 
furnish  further  information  : — 


Characteristics  of  Genuine  Rape  Oils  and  Allied  Oils  (Lewlcowitsch) 


SpeciBo 

dm  v\^^\T 

at  60°  P. 
(water  at 
60° =1) 

Sin  v\i^n  ^ 

oupuui- 
fit^ation 
Value. 

Iodine 
Value. 

Visco3ifcy. 

Un- 

saponifiable 
Matter. 
Per  cent. 

At  70°  P. 

At  140°  F. 

Genuine  rape  oil,  crude 

0-91458 

173-1 

106-8 

TPn  llPfl 

\J  tl  XOU^r 

I/O  1 

380 

,,          ,,        ,,  Eastind, 

0-9139 

172-9 

102-1 

i>         >i         ).       )i  • 

0-9139 

168-8 

104-2 

1-69 

II                  M  ,, 

0-9145 

173-2 

103-6 

375 

3-13 

H                      II  3t 

0-9146 

172 

103-5 

94 

1)                      >l  )I 

0-9147 

173 

104-6 

92 

1-43 

J)                      ))  11 

0-9147 

172-5 

103-1 

94 

1-56 

II                      M                   II  • 

0-9153 

176-6 

102-9 

91 

1-42 

German  "colza"  oil  contain- 

ing mustard  seed  oil 

0-9161 

175-3 

106-5 

Rape  oil,  second  quality 

0-91629 

175-8 

110-3 

360 

Ravison  oil  ^ 

0-91793 

177-4 

114-7 

329 

11       11  ... 

0-9204 

178-5 

120-4 

334 

2-29 

It  may  be  added  that  the  iodine  numbers  98-103-6  given  by  the 
author  in  the  table  of  "  characteristics  "  have  been  derived  fi-om  a 
special  investigation  of  a  very  large  number  of  genuine  rape  oils  (from 
cultivated  seed).  The  number  93-5  given  in  that  table  is  exceptionally 
low. 

The  determination  of  the  viscosity  of  rape  oil  is  a  very  valuable 
means  of  ascertaining  its  purity.  It  will  be  found  best  in  an  examina- 
tion to  compare  the  sample  with  a  standard  rape  oil  of  known  purity, 
as  the  viscosity  of  rape  oil  is  fairly  constant.  Since  no  other  oil  likely 
to  be  used  as  an  adulterant,  with  the  exception  of  castor  oil,  possesses 
so  high  a  viscosity  as  rape  oO,  the  genuineness  of  the  sample  can  thus 
be  ascertained. 

The  Valenta  test  is  very  characteristic  of  rape  oil,  and  proves  useful 
as  an  additional  means  of  deciding  whether  a  sample  is  genuine  or  not. 

Fish  oils  and  blubber  oils  in  rape  oil  may  be  recognised  by  their 
peculiar  smell  and  taste,  especially  on  warming,  and  also  by  the  intensity 
of  the  phospho-molybdic  acid  reaction.  More  important  evidence  will 
be  furnished  by  the  determination  and  examination  of  the  ether-insoluble 
bromide  prepared  from  the  mixed  fatty  acids.  (Separation  of  octo- 
bromide,  see  Vol.  I.  p.  573.)  Confirmatory  evidence  will  be  fm-nished 
by  the  phytosteryl  acetate  test  (cp.  "  Linseed  Oil,"  p.  69),  as  also  by 
the  iodine  value  of  the  oU  and  of  its  liquid  fatty  acids. 


1  Cp.  also  "Ravison  Oil,"  p.  241. 
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Since  rape  oil  is  refined  with  sulphuric  acid,  commercial  oils  should 
be  tested  for  the  presence  of  sulphiuic  acid  by  shaking  the  oil  with  warm 
water  and  examining  the  aqueous  layer. 

The  detection  of  rape  oil  in  otJier  oils  by  means  of  colour  reactions 
(such  as  Mailho's  or  Schneider's  reagents),  purporting  to  show  presence 
of  sulphm-,  can  no  longer  be  considered  as  useful.  The  "  cold-drawn  " 
oils  of  commerce  are  entirely  devoid  of  sulphur,  but  oils  extracted  by 
means  of  carbon  bisulphide  may  retain  some  sulphur,  it  being  difficult 
to  remove  the  last  traces  of  the  solvent.  The  colour  reaction  proposed 
by  Palas  ^  for  the  detection  of  rape  oil  in  olive  oil  (viz.  agitation  with 
rosaniline  sulphite)  is  valueless,  as  experiments  made  by  the  author 
have  shown. 

Kape  oil  in  other  oils  is  detected  by  its  characteristic  smell  and  taste, 
and  by  the  influence  it  exercises  on  the  characteristics  of  the  oil  under 
examination,  such  as  the  iodine  value  of  the  oil,  the  iodine  value  of  the 
liquid  fatty  acids,  and  chiefly  on  the  saponification  value. 

"  Cold-drawn  "  rape  oil  is  used  as  an  edible  oil,  especially  in  India. 
It  is  also  used  as  an  edible  oil  on  the  Continent,  and  in  this  country  as 
"  bread  oil "  (see  p.  256).  Those  colza  oils  which  are  unsuitable  for 
edible  purposes  fiind  an  outlet  as  excellent  burning  oils.  Equally  well- 
refined  oils  can  also  be  used  as  wool  oils.  Enormous  quantities  of  rape 
oil  are  used  for  lubricating  purposes  both  in  the  refined  state,  and  as 
"blown  rape"  oil  (see  Vol.  III.  Chap.  XV.).  Smaller  quantities  are 
used  on  the  Continent  for  the  making  of  soft  soap,  but  as  a  rxile  rape  oil 
can  hardly  be  termed  a  suitable  soapmaking  oil.  Kape  oil  is  also 
largely  used  for  quenching  steel  plates. 


BLACK  MUSTARD  SEED  OIL 

French — Huile  de  moutarde  noire.  German — Schvarzsenfol. 
Italian — Olio  di  mostarda  nera. 

For  table  of  characteristics  see  pp.  266,  267. 

Black  mustard  seed  oil  is  obtained  from  the  seeds  of  Sinapis  nigra,  L. 
{Brassica  nigra,  Koch),  which  contain  31-33  per  cent  of  oil.  {Grimme 
found  28-3  per  cent.)  The  oil  has  a  brownish-yellow  colour  and  a  mild 
taste  ;  it  smells  of  ethereal  mustard  oil.  Grimme  ^  obtained  from  the 
seeds  0-995  per  cent,  and  from  the  solvent  extracted  seed  meal  1-388 
per  cent  of  ethereal  mustard  oil. 

In  its  chemical  composition  it  closely  resembles  rape  oil.  Tolman 
and  Munson  obtained  from  various  samples  by  the  lead-salt-ether 
method  from  2-32  to  4-05  per  cent  of  solid  fatty  acids  containing  arachidic 
acid.  Amongst  the  unsaturated  acids  erucic  and  a  liquid  fatty  acid  ^ 
(rapic  acid  ? )  have  been  found. 

'  Joimi.  Soc.  (JheM.  Ind.,  1897,  361.  Pharm.  XciL,  1912,  520. 

'  Goklscliiiiiedt,  Weiner  BericliU,  70  [2],  451. 
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The  oil  is  obtained  as  a  by-product  in  the  manufacture  of  ethereal 
mustard  oil.  ^  It  is  not  suitable  for  burning,  and  therefore  is  chie&y  used 
for  soap-making.  Efforts  have  been  made  lately  to  introduce  this  oil, 
under  the  name  "  Sinapol,"  for  cosmetic  and  pharmaceutical  pm-poses' 
as  a  substitute  for  olive  oil. 

In  Calcutta  very  large  mills,  driven  by  steam  power,  produce  the  oil 
in  (native)  grinding  mortars  ("  checcos  ").  The  oil  is  used  largely  for 
edible  purposes.  No  hydraulic  presses  are  employed,  the  reason  being 
that  the  native  mills  require  no  important  capital  outlay.  Moreover 
the  native  mills  give  almost  the  same  yield  as  hydraulic  pressing  would 
give. 

Suzzi  described  two  species  of  black  mustard  seed  oil  cultivated  in 
Italian  East  Africa  (Brythrea),  viz.  Brassica  nigra  and  Brassica  carinata, 
the  seeds  of  which  contain  29-75  and  29-74  per  cent  of  oil  respectively. 
The  characteristics  of  the  two  oils  were  the  following  : — 


Oil  from  Brassica 
nigra. 

Oil  from  Brassica 
carinata. 

Specific  gravity  at  15°  C.  . 
Saponification  value  .... 
Iodine  Value  ..... 
Maumend  test  

0-9175 
176-5 
116-1 
77°  C. 

0-917 
175-2 
112-7 
74°  0. 

Faity  Acids 

Melting  point '  

Neutralisation  value  .... 
Saponification  value  .... 

16-2°  C. 
179-2 
181-1 

179-5 
182-0 

Indian  mustard  seed  from  Brassica  juncea,  D.C.  =  Brassica  juncea, 
Hooker  fils  et  Thomson  (a  variety  of  Sinapis  nigra)  is  extensively 
cultivated  and  is  known  in  India  as  "  rai."  ^  This  seed  yields  the 
"  Sarepta  "  mustard.  Russian  mustard,  and  generally  all  Em'opean 
mustard,  is  derived  from  Brassica  Besseriana,  Andrz.  Crossley  and 
Le  Sueur  give  the  following  numbers  fi'om  mustard  seed  oil  from  "  rai": — 

Specific  gravity  at  15-6715-5°  .         .         .  0-9168 
Saponification  value      .         .         .         .  172-1 
Iodine  value       .....  101-8 
Butyro-refractometer  "  degrees "       .  .60 

Mustard  oil  imported  from  India  is  sometimes  adulterated ;  a  speci- 
men examined  contained  considerable  amounts  of  sesame  oil.  Grimme,^ 

'  Crossluy  and  Le  Sueur's  metliod  (Vol.  I.  p.  321). 
^  "Rai,"  Brassica  juncea  as  distinct  from  "sarson,"  Brassica  campestris. 
3  Pharvi.  Zeit.,  1912,  520;  cp.  also  L.  Farcy,  Ann.  d.  Falsijic,  1912  (5),  528. 
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who  obtained  33-3  per  cent  of  oil  from  the  seeds,  gives  the  following 
characteristics : — 

Oil— 

Specific  gravity  at  15°  C. 
Solidifying  point,  °  C.  . 
Saponification  value 
Iodine  value 

Refractive  index  at  20°  C 

Fatty  Acids — 

Fatty  acids,  per  cent 
Unsaponifiable  matter,  per  cent 
Solidifying  point,  °  C.  . 
Melting  point,  °  C. 
Neutralisation  value 
Mean  molecular  weight  . 
Iodine  value 

.Refractive  index  at  20°  C. 

The  seeds  yielded  1-137  per  cent  and  the  extracted  seed  meal  1-705 
per  cent  of  ethereal  mustard  oil. 


0-  9206 
-11  to  -12 
174-4 

106-8 

1-  4723 


1-04 
13-15 
17-18 
177-7 
315-8 
109-3 
1-4627 
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OHAP. 


WHITE  MUSTARD  SEED  OIL 

French — Huile  ch  moutarde  blanche.  Gexman—Weisssenfol. 
Italian — Olio  di  mostarda  hianca. 

For  tables  of  characteristics  see  pp.  269,  270. 

White  mustard  seed  oil  is  obtained  from  the  seeds  of  Sinapis  alba, 
L.  {Brassica  alba),  which  contain  25-26°  per  cent  of  an  oil  of  golden- 
yellow  colour,  and  having  a  burning  taste.  The  seed  gave  {Grimme  ^) 
0-827  per  cent  and  the  extracted  seed  meal  M50  per  cent  of  ethereal 
mustard  oil. 

Most  of  the  physical  and  chemical  characteristics  are  almost  identical 
with  those  of  black  mustard  oil.  The  iodine  values,  however,  appear 
to  differ  considerably.  This  agrees  with  Tolman  and  Munson's  state- 
ment that  this  oil  yields  only  traces  of  soUd  acids  by  the  lead-salt-ether 
method.  Hehner  and  Mitchell  obtained  1-5  per  cent  of  an  ether  insoluble 
bromide  from  a  specimen  of  white  mustard  seed  oil. 

A  sample  examined  by  Archbutt  ^  yielded  1-18  per  cent  of  crude 
arachidic  acid,  of  the  melting  point  69°  C. 

The  oil  is  used  as  a  burning  and  lubricating  oil. 

1  Pharm.  Zeit.,  1912,  .521. 
2  Joum.  Soc.  Chem.  Ind.,  1898,  1009. 


[Table  { 


1 


WHITE  MUSTARD  SEED  OIL  .  269 


o 


to 


-3  g 


o 


CI  o< 


OH 


a 
s 

CI- 
VS 

-  o 

cn  2. 
tra 

a  3 

?■  O 

=  B 


I-" 

a 

^1  —I 

0 

It-  0 

n  o 

3  3 
3  p 
S  o 
p 

3 


o 
3 


o 
to 


so 
3 

a- 
t- 

n> 
3 


O 
a- 


ft) 


2.  CO 


o 

a- 


?5 


Si 


to 
o 
o 


s 


54. 


i 


I. 


<^  ox 

t-'  to  d<-— - 
< 
p 
t-t- 

'  CD 


OX  O 


O  O 


o 

CO 


CO  CO 
to  I-'  I-- 

I— '  to 

Hi-  h-J  CO 


o 


9^ 

■  ■ M  o 

K  cb  fg 


3 
B 

CD 


CO 


9 

B 
B 


B'^s^^i 

3  co' 

CD         3  «<1 
CB 

g  g 

a. 


o 

CO 

to 

ox 

o 

CO 

t— ' 
o 


s 

CD    M  ""^^ 

P 
3 


g 


3 


-4 

o 


-4  ^ 

-J 

^1 

00  di 

to 

CD 

a 

J  CD 


2 

p"  w 

CD  03 

3 


.  O 

00  OS 


CD 

CO 

CD 

CO 

to 

a. 

to 

ol 

d> 

CD 

Ol 

00 

CO 
00 

B 

(D 


gcd  O 
tHo  P  hsS  ►tj"' 

CD  3  P-mV- 

2  S  p 
T  3      ■-•3  a 

&         p.  pi, 


1.03 


00 


O 

cj- 


O 
a- 


►0 

o 


g 

5 


< 


o 


GLYCERIDES — SEMI-DEYING  OILS 


CHAP. 


rive  Index. 

Observer. 

Grimme 

Refract 

20°  C. 

1-4630 

oular  Weight. 

Observer. 

Wijs 
Grimme 

o 

Mean  Mo 

301-9 
310-3 

ition  Value. 

Observer. 

Wijs 
Grimme 

Neutralisi 

Mgniis. 
KOH. 

185-8 
181 

Observer. 

De  Negri  and 
Fabria 
Blasdale 
Wijs 

Grimme 

Fatty  Acids. 

Tolman  and 
Munson 

Iodine 
Value. 
Per  cent. 

00 

03             CO  O 

S  ^ 

Liquid 

103-1 

Melting 
Point. 

°  C 

15-16 

16 
12-13 

iifying 
)int. 
C. 

o 

F-H 

o 
on 

6> 

luble  Acids 
saponiflable. 

Observer. 

Lengfeld  and 
Paparelli 

Crossley  and 
Le  Sueur 
Grimme 

9  0 

Per  cent. 

t-       «£>  r! 
CO        «  =? 

OS           1(5  >0 
OS  05 

§ 

p. 


OS 


c3 


XIV  '      WHITE  MUSTAED  SEED  OIL  271 

» 

Grimme  examined  the  oils  fi'om  the  following  four  varieties  of 
mustard  seed  : — 

Sinapis  arvensis,  L.  ;  Sinapis  chinensis,  Sinapis  dissecta,  and  Eruca 
saliva.'^  The  characteristics  found  by  Grimme  are  reproduced  in  the 
following  table  : — 


Sinapis  arvensis,^ 

Sinapis  chiriensis, 

Sinapis  dissecta, 

Eruca  saliva, 

L. 

L. 

L. 

Lmk. 

Ull — 

bpecinc  gravity  at  lo  . 

f\  nooi 

u-y^^i 

A  m  no 

Solidifying  point  . 

—  lo  to  —  10 

—  1* 

1  O                T  AO 

—  lo  to   —  14 

—  8  to  —  10 

Saponification  value  . 

1  '7Q./* 
1  /»•* 

1  lO-Z 

1  n  A  A 
1  /4-4 

Iodine  value 

102-6 

103-3 

105-6 

101-8 

Rpfra.ptive  indfiic  at  20^  0 

1-4738 

1-4736 

1-4725 

1-4723 

Fatty  Acids — 

Fatty  acids,  per  cent  . 

94-21 

94-28 

94-34 

94-24 

Unsaponifiable  matter,  per 

1-12 

0-96 

0-96 

1-07 

Solidifying  point  . 

4-5° 

14-15° 

5-8° 

8-10° 

Melting  point 

6-8° 

17-18° 

9-10° 

12-13° 

Neutralisation  value  . 

179-8 

182-0 

181-7 

180-1 

Mean  molecular  weight 

312-4 

308-6 

309-1 

311-8 

Iodine  value 

106-6 

106-7 

1090 

103-6 

Kefractive  index  at  20°  C. 

1-4625 

1-4648 

1-4645 

1-4643 

The  percentages  of  ethereal  mustard  oil  obtained  from  the  seeds  of 
the  above  species  are  given  in  the  following  table  : — 


Name. 

Ethereal  Mustard 
OU  Seed. 

Ethereal  Mustard 
Oil  in  Extracted 
Seed  Meal. 

Sinapis  arvensis 

Sinapis  chinensis 

Sinapis  dissecta 

Eruca  saliva  .... 

Per  cent. 

0-  959 

1-  407 

0-  833 

1-  075 

Per  cent. 

1-  308 

2-  022 
1-150 
1-586 

1  Cp.  S.  Hals  and  J.  F.  Gram,  Landw.  Versuchsst.,  1909  (70),  307  :— "On  the  seeds 
of  Eruca  sativa." 

^  This  plant  is  known  as  wild  mustard  charlock,  the  seeds  of  which  yield  an  oil 
known  as  charlock  oil.  The  oil  itself  is  not  a  commercial  article,  since  the  endeavour 
of  the  rape  seed  growers  is  directed  to  the  destruction  of  the  charlock  plant  as  being  a 
weed. 
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RADISH  SEED  OIL 

French — Huile  de  raifort.    German — Rettichol. 
Italian — Olio  di  ravano  (ravanello). 

For  tables  of  characteristics  see  p.  273. 

Radish  seed  oil,  which,  like  the  two  preceding  oils,  closely  resembles 
rape  oil,  is  obtained  from  the  seeds  of  Raphanus  sativus,  (rat-tail 
radish),  which  contain  from  45  to  50  per  cent  of  oil.  The  green  colour 
said  to  be  characteristic  of  the  soap  solution  of  hedge  mustard  oil  is  not 
observed  when  the  oil  is  saponified  {De  Negri  and  Fabris). 

An  Indian  oil  from  Assam  of  the  acid  value  14-5  {Crossley  and  Le 
Sueur  ^),  was  described  as  a  non-drying  oil. 

Grimme  examined  the  oil  fi'om  four  varieties  of  Rafhar\,us  sativus, 
L.,  viz.  R.  s.  albus,  L.  ;  R.  s.  niger,  D.C.  ;  R.  s.  Radiola,  D.C.  ;  and 
R.  s.  oleiferus.  The  characteristics  of  these  four  oils  vary  within  the 
limits  given  in  the  table  on  p.  273. 

'  For  tlie  eiizyinio  action  of  raphanus  sativus  cp.  T.  Saiki,  Zcitschr.  f.  physiol.  Ckem., 
1906,  48,  469. 

Joum.  Soc.  Cliem.  Ind.,  1898,  991. 
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CHAP. 


JAMBA  OIL  ^ 

French — Huile  de  Jamba.    German — Jambadl. 
Italian — Olio  di  Jambo. 

For  tables  of  characteristics  see  p.  275. 

Jamba  oil,  obtained  from  the  seeds  of  a  plant  belonging  to  a  variety 
of  the  genus  Brassica,  is  closely  related  to  rape  oil.  The  seeds  contain 
about  26  per  cent  of  oil. 

The  oil  behaves  somewhat  abnormally  in  that  it  does  not  lend  itself 
readily  to  the  manufacture  of  "  blown  "  oil,  as  the  specific  gravity  of 
the  oil  does  not  rise  by  "  blowing  "  at  the  same  rate  as  that  of  other 
oils  belonging  to  the  rape  oil  group.  A  further  instance  of  its  abnormal 
behaviour  is  that  the  temperature  does  not  rise  spontaneously  when 
the  source  of  heat  has  been  removed. 

A  sample  examined  in  the  author's  laboratory  contained  0-45  per 
cent  unsaponifiable  matter  ;  it  yielded  1-05  per  cent  of  fatty  acids 
insoluble  in  petroleum  ether.  Tliomson  and  Dunlop  ^  found  1-02  per 
cent  of  unsaponifiable  matter. 

Jamba  oil  is  distinctly  inferior  to  the  rape  oils  made  from  genuine 
rape  seed  (see  p.  256),  a  diflerence  which  finds  its  expression  in  the 
commercial  value  of  the  oU,  which  is  generally  twenty  to  thirty  shillings 
per  ton  lower  in  price  than  refined  colza  oil. 

Jamba  oil  is  recognised  by  its  peculiar  taste  and  smell.  It  may 
be  considered  a  good  burning  oil,  but  does  not  burn  as  well  as  colza  oil 
(cp.  Vol.  III.  Chap.  XV.).  It  is,  however,  a  distinctly  better  burning 
oil  than  ravison  oil,  and,  in  this  respect,  takes  its  place  between  ravison 
oil  and  best  Indian  rape  oil. 

1  De  Neo-ri  and  Fabris,  Ann.  d.  Lab.  Chim.  delle  Gabelle,  1891-92,  137. 
2  Analyst,  1906,  282. 
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(3)  Non-Drying  Oils 

The  oils  enumerated  under  ttis  heading  are  characterised  by  lower 
iodine  values  than  those  exhibited  by  the  members  of  the  two  preceding 
classes.  Linolenic  acid  is  completely  absent ;  hnolic  acid  is  present 
in  small  quantities  only.  The  oils  which  stand  at  the  head  of  this 
section  up  to  and  including  peach  kernel  oil  still  possess  slight  drying 
properties.  Owing  to  the  predominance  of  olein  the  non-drying  oils 
solidify  on  treatment  with  nitrous  acid,  yielding  hard  elaidins ;  castor 
oU  gives  under  these  conditions  solid  ricinelaidin. 

It  should  be  noted  that  the  property  of  not  drying  holds  good  for 
these  oils  at  the  ordinary  temperature  only ;  at  higher  temperatures 
the  non-drying  oils  become  viscous  and  thicken.  The  chemical  changes 
then  taking  place  have  not  yet  been  investigated. 

Castor  oil  (and  also  grape  seed  oil,  which  seems  to  be  related  to  it) 
has  been  placed  at  the  end  of  this  class,  on  account  of  its  being  a 
most  markedly  non-drying  oil.  The  chemical  composition  of  castor 
oil  (and  pending  further  confirmation  also  of  grape  seed  oil)  differs 
totally  from  that  of  all  other  fatty  oils ;  for  this  reason  it  appears 
justifiable  to  form  a  separate  group  of  castor  oil  and  grape  seed  oU. 

QUmCE  OIL 

French — Huile  de  coing.  German — Quittensamendl. 
Italian — Olio  di  cotogno. 

The  seeds  of  the  quince,  Cydonia  vulgaris,  Pers.  (cultivated  in  Asia 
and  Europe),  contain  about  15  per  cent  of  a  fatty  oil  of  yellow  colour, 
and  of  a  pleasant  odour  faintly  resembling  that  of  almond  oil.^  The 
specimen  examined  by  Hermann  yielded  95-2  per  cent  of  insoluble  acids 
-)- unsaponifiable,  and  had  the  acid  value  31-7. 

The  oil  is  stated  to  contain  a  liquid  hydroxy  acid,  Ci7H32(OH)C02H, 
the  dibromide  of  which  melts  at  108°  C.  (Vol.  I.  p.  569).  The  solid 
acids  contain  myristic  acid  and  another  solid  acid  not  yet  identified. 


Physical  and  Chemical  Characteristics  of  Quince  Oil 


Speoiflo 
Gravity. 

Solidifying 
Point. 

Saponillcation 
Value. 

Iodine 
Value. 

Roiohort- 
Moisal  Value. 

Refractive 
Index. 

MaumenA 
Teat. 

At  1.1'  C. 

•c. 

Mgrms.  KOII. 

Per  cent. 

CO.  norm. 
KOH. 

Biityro- 
rnfractomoter. 
"  Di;t;roe.s." 

•0. 

0-922 

-11  to 

-  132 

181-7.5 
187-72 

113 
120-22 

0-5 

68-5 
(at  25°  0.) 

732 

'  R.  Hermann,  Arch.  d.  Plutrm.,  1899,  237,  358. 
Pabris  and^Settimj.    Atli  del  VJ.  Comjresso  iniernaz. ,  Roma,  1907,  vol.  v.  751. 
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Physical  ami  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+  Unsaponi  liable. 

Solidifying 
Point. 

Melting 
Point. 

Iodine 
Value. 

Per  cent. 

"C. 

°C. 

Per  cent. 

95-5 

20-27 

33-34 

12i-6 

Liquid  Fatty 
Acids.  I 

1321 

CHEREY  KERNEL  OIL 

Frencli — Euile  de  cerisier.  Gevman—KirschJcerndl. 
Italian — Olio  di  ciliegie. 

For  tables  of  characteristics  see  p.  279. 

The  characteristics  given  in  the  tables  refer  to  extracted  oil. 

Cherry  kernel  oil  is  obtained  from  the  kernels  of  the  cherry  (Prunus 
cerasus,  L.).  The  kernels  contain  35-36  per  cent  of  oil.  In  its  fresh 
state  the  oil  has  a  golden-yellow  colour  and  a  faint  odour  of  almonds  ; 
this  odour  is  lost  when  the  oil  becomes  rancid. 

With  nitric  acid  of  specific  gravity  14  cherry  kernel  oil  becomes 
dark  reddish  brown  ;  with  Bieber's  reagent  (p.  291)  a  brown  coloura- 
tion is  obtained. 

De  Negri  and  Fahris  found  a  notable  quantity  of  hydrocyanic  acid 
in  the  extracted  oil. 

In  South  Germany  (Wurtemberg)  the  "  cold-drawn  "  oil  is  used 
for  edible  purposes.  The  oil  expressed  at  a  higher  temperatiu-e  serves 
as  a  burning  oil,  and  also  for  soap-maldng.  Since  cherry  kernel  oil 
easily  turns  rancid,  it  is  not  employed  as  an  adulterant  of  almond  oil. 

1  The  proportion  of  liquid  fatty  acids  was  77 -3  per  cent. 
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GLYCERIDES — NON-DRYING  OILS 


CHAP. 


CHERRY  LAUREL  OIL  ^ 

French — Huile  de  laurier  cerise.  German — Kirschlorbeerol. 
Italian — Olio  di  lauroceraso. 

This  oil  has  been  extracted  from  the  kernels  of  the  cherry  laurel, 
Prunus  laurocerasus,  L.,  a  tree  indigenous  to  Persia  and  the  Caucasus, 
and  cultivated  in  Italy  since  the  sixteenth  century. 

Cherry  laurel  oil  has  a  golden-yellow  colour  ;  its  odour  resembles 
that  of  bitter  almonds.  Like  the  preceding  oil  it  contains  appreciable 
quantities  of  hydrocyanic  acid. 


Physical  and  Chemical  Characteristics  of  Cherry  Laurel  Oil 


Spaclflc  Gravity. 

Solidifying  Point. 

Saponiflc.  Value. 

Iodine  Value. 

Maumes6  Test. 

At  15°  C. 

°C. 

Myrins.  KOH. 

Per  cent. 

-0. 

0-0230 

-  19  to  -  20 

194 

108-9 

44-5 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 

Solidifying  Point. 

Melting  Point. 

Iodine  Value. 

°0. 

°0. 

Per  cent. 

17-15 

20-22 

112-1 

APRICOT  KERNEL  OIL 

French — Huile  d'ahricotier.  German — Aprikosenkernol. 
Italian — Olio  di  albicocche  {Olio  di  armelline). 

For  tables  of  characteristics  see  p.  281. 

Apricot  kernel  oil  is  obtained  from  apricot  kernels  [Prunus  armeniaca, 
L.),  which  contain  from  40  to  45  per  cent  of  oil. 

The  freshly  expressed  oil  is  almost  colourless ;  on  keeping  it  tm-ns 
yellow. 

With  nitric  acid,  spec,  grav,  1-4,  apricot  kernel  oil  assumes  an 
orange  colour.  With  Bieber's  reagent  (p.  291)  a  peach-blossom  colour 
is  obtained,  which  is  so  characteristic  of  the  oil,  that  apricot  kernel 
oil  can  be  thereby  identified.  This  colour  reaction  also  leads  to  the 
detection  of  apricot  kernel  oil  in  almond  oil  if  considerable  proportions 
have  been  used  for  adulteration. 

1  De  Negri  and  Fabi-i.s,  Ann.  d.  Lab.  Ghim.  delle  Gabelle,  1891,  173- 
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GLYCERIDES — NON-DRYING  OILS 


CHAP. 


The  red  colouration  with  Bieber's  reagent  is  given  by  the  apricot 
kernel  oil  even  after  being  subjected  to  steam  distillation  for  some 
hours  ;  the  residue  gave  the  reaction  strongly,  but  not  so  the  distillate. 
Even  after  keeping  for  a  year  the  colour  reaction  was  still  distinctly 
obtained. 

The  deep  red  colouration  obtained  on  shaking  the  oil  with  an 
ethereal  solution  of  phloroglucinol  (one-tenth  per  cent  solution)  is  not 
so  characteristic  of  the  oil  as  the  colour  test  with  Bieber's  reagent, 
since  some  almond  oils  (see  p.  291)  give  the  same  colour  reaction.^ 
It  should  also  be  noted  that  the  colour  reaction  is  much  stronger  in  the 
case  of  fresh  oils  than  with  samples  that  have  been  kept  for  half  a 
year  and  longer. 

A  specimen  of  pressed  oil  obtained  from  Prunus  armeniaca,  L., 
examined  by  Uyeno,^  was  light  yeUow  in  colour  and  had  the  following 
characteristics : — 


Oil— 

Specific  gravity  at  15°  C.          .         .         .  0-9180 

Solidifying  point  °  C.      .         .         .         .  below  11 

Saponification  value  °  C.          .         .         .  178-3 

Iodine  value         .....  106-2 

Refractive  index  at  20°  C.        .         .         .  1-4:69] 

Falty  Acids — 

Insoluble  acids +  unsaponifiabIo  .         .         .  95-74  per  cent 

Specific  gravity  at  15°  C.         .         .         .  0-9021 

Neutralisation  value      ....  193-5 

Mean  molecular  weight  ....  289-8 

Iodine  value        .....  108 -l 

Refractive  index  at  20°  C.                 .         .  1-4626 


Neither  hexa-  nor  tetra-bromides  could  be  obtained. 
The  distillation  of  the  mixed  fatty  acids  at  40  mm.  pressure  gave 
the  following  result  {Ross  and  Race)  : — 


Fraction. 

Butyro-refracto- 
meter  "  Degrees." 

Iodine  Value. 

Neutralisation 
Value. 

(25°  C.) 

1 

46-0 

85-2 

203-7 

2 

47-0 

87-1 

3 

49-0 

89-6 

4 

49-5 

90-3 

5 

52-0 

93-1 

6 

57-0 

97-5 

Residue 

86-5 

129-6 

193-7 

Apricot  kernel  oil  is  used  as  an  edible  oil ;  in  perfumery  it  is  em- 
ployed for  adulterating  or  wholly  substituting  almond  oil.  Apricot 
kernel  oil  forms  an  important  article  of  commerce.  The  commercial 
"  almond  oil,  French,"  is  practically  pure  apricot  kernel  oil,  or  a  mixture 

■  Luwkowitsch,  Anaiijsl,  1904,  106. 
^  Journ.  Ghem.  Ind.  Tokyo,  xvi.  185. 
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of  apricot  kernel  and  peach  kernel  oils  (cp.  p.  288).  The  French 
apricot  kernel  oil  is  obtained  from  sweet  kernels  ;  the  oil  obtained  from 
Japanese  bitter  kernels  (which  are  imported)  is  not  so  pleasant  in 
taste.  ^ 

PLUM  KERNEL  OIL 

French — Huile  de  prunier.  German — Pflaumenkerndl. 
Italian — Olio  di  susino,  olio  di  prugne. 

For  tables  of  characteristics  see  p.  284. 

The  characteristics  given  in  the  tables  refer  both  to  expressed  and 
extracted  oils. 

Plum  kernel  oil  is  obtained  from  the  kernels  of  plums  {Prunus 
domestica,  L.,  and  Prunus  damasccena,  L.).  The  oil  is  light  yellow  in 
colour,  and  possesses  an  agreeable,  mild,  almond-like  taste.  Fabris 
and  Settimj  ^  obtained  by  extraction  with  petroleum  ether  25  per  cent 
of  an  oil  yielding  70  per  cent  of  liquid  fatty  acids. 

With  nitric  acid,  of  specific  gravity  1-4,  plum  kernel  oU  gives  an 
orange  colour  (like  apricot  kernel  oil).  With  Bieber's  reagent,  con- 
sisting of  equal  parts  (by  weight)  of  concentrated  sulphuric  acid  fuming 
nitric  acid,  and  water,  a  pink  colouration  is  obtained. 

The  sample  examined  by  Micko  was  comparatively  fresh  (acid 
value  0-55). 

The  oil  is  chiefly  used  to  adulterate  almond  oil. 

1  Cp.  L.  Rosenthaler  and  W.  Schaefifer,  Pharm.  Zentralhl.,  1911  (52),  507. 
2  Atti  del  VI.  Congresso,  etc.,  Roma,  1907,  vol.  v.  759. 
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PEACH  KERNEL  OIL 

French — Huile  de  pecker.  German — Pfirsichkernbl. 
Italian — Olio  di  pesche,  Olio  di  pesco. 

For  table  of  characteristics  see  p.  286. 

Peach  kernel  oU  (peach  oil)  is  obtained  from  the  kernels  of  the 
peach  {Primus  persica,  Sieb.  et  Zucc.)  which  contain  32-35  per  cent  of 
a  pale  yellow  oil,  resembling  almond  oil  very  closely.  Dieterich  states 
that  the  freshly  expressed  oil — of  which  he  obtained  10-12  per  cent 
from  the  kernels — smells  shghtly  of  hydrocyanic  acid.-*-  With  nitric 
acid  of  the  specific  gravity  14,  peach  kernel  oil  becomes  first  yellowish- 
brown,  afterwards  dirty  orange.  With  Bieber's  reagent  it  remains 
unchanged  at  first,^  then  after  about  half-an-hour's  standing  becomes 
slightly  pink,  the  pink  colour  being  less  strongly  marked  than  is  the 
case  with  apricot  kernel  oil.  In  the  phloroglucinol  test  (see  p.  291) 
peach  kernel  oil,  like  apricot  kernel  oil,  gives  a  red  colouration. 

Klamroth  ^  states  that  the  solid  portion  of  the  unsaponifiable 
matter  in  peach  kernel  oil  consists  of  sitosterol  absorbing  two  atoms 
of  bromine  and  is  free  from  stigmasterol. 

This  oil  is  chiefly  used  for  adulteration,  or  for  substitution,  of 
almond  oil.  The  commercial  "  almond  oil,  French,"  is  frequently  a 
mixture  of  peach  kernel  oil  with  apricot  kernel  oil  (cp.  p.  288). 

The  oil  is  also  sold  under  the  name  "  Oleum  amygdalae  persicse," 
this  name  being  based  on  the  fact  that  the  common  peach  was  described 
in  Gray's  Supplement  to  the  Pharmacopoeia  as  Amygdalus  persica,  L. 

Peach  kernel  oil  is  adulterated  in  its  tiirn  with  poppy  seed  oil ; 
in  some  cases  commercial  "  peach  kernel  oU  "  was  found  to  be  hazel 
nut  oil  (Bennett  *). 

The  seeds  from  Prunus  hrigantiaca,  Vill.,  grown  in  the  south-east 
of  France,  furnish  on  expression,  the  commercial  "  huile  de  marmotte." 

'  Tins  is  confirmed  by  Fabris  and  Settimj.  The  oil  obtained  by  these  observers  gave 
84 '5  per  cent  of  liquid  fatty  acids. 

^  Lewkowitsch,  Analyst,  1904,  106.  •''  Inaug.  Dissert.,  Munich,  1911. 

Cliemiat  and  Druggist,  1908,  89,  981. 
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ALMOND  OIL 

French — Huile  d'amande.  German — Mandeldl. 

Italian — Olio  di  mandorle. 

For  tables  of  characteristics  see  pp.  289,  290. 

Almond  oil  is  obtained  from  the  seeds  of  Prunus  amygdalus,  Stokes 
{Amygdalus  communis,  L.).  The  commercial  oil  is  expressed  [or 
extracted]  chiefly  from  bitter  almonds,  the  seeds  of  Prunus  amygdalus, 
var.  amara.  Bitter  almonds  contain  amygdalin,  and  a  ferment 
(emulsion)  which,  acting  on  the  amygdalin,  gives  rise  to  the 
formation  of  benzaldehyde,  glucose,  and  hydrocyanic  acid.^  Hence 
the  press-cakes  obtained  in  the  preparation  of  almond  oil  find  a 
profitable  outlet  in  the  manufacture  of  genuine  "  ethereal  bitter  almond 
oil  "  by  triturating  the  meal  with  water. 

The  sweet  almonds  (from  Prunus  amygdalus,  var.  dulcis)  are  but 
rarely  used  alone  for  the  preparation  of  almond  oil.  Mogador  bitter 
almonds,  which  are  largely  used  in  this  country  for  the  manufactm-e 
of  almond  oil,  are  always  more  or  less  mixed  with  sweet  almonds. 
The  meal  from  sweet  almonds  is  used  in  confectionery  and  for  some 
toilet  preparations. 

The  oils  obtained  from  both  varieties  are  practically  identical, 
so  that  no  definite  difference  can  be  established  by  chemical  means  ; 
this  wUl  be  seen  by  a  glance  at  the  accpmpanying  table.  Nor  can 
a  definite  botanical  difference  be  established  between  the  two  varieties 
amara  and  dulcis.  The  principal  countries  supplying  almonds  are, 
Morocco,  the  Canary  Islands,  Portugal,  Spain,  France,  Italy,  Sicily, 
Syria,  and  Persia. 

Sweet  almonds  yield  from  44  to  55  per  cent  of  oil,  whereas  bitter 
almonds  may  yield  as  little  as  20  per  cent  of  oil.  On  an  average  bitter 
almonds  yield  from  38  to  45  per  cent  of  oil. 

Almond  oil  contains,  according  to  Gusserow,  no  stearic  acid  ;  this  is 
confirmed  by  Hehner  and  Mitchell.^  The  almond  oil  glycerides  consist 
chiefly  of  olein  ;  the  high  iodine  value  points,  however,  to  the  presence 
of  fatty  acids  less  saturated  than  oleic.  Indeed,  Farnsteiner  isolated 
from  the  mixed  fatty  acids  linolic  tetrabromide  corresponding  to  5-79 
per  cent  of  linolic  acid. 

The  distillation  of  the  mixed  fatty  acids  at  40  mm.  pressure  gave 
the  following  results  {Ross  and  Race^)  : 

>  Cp.  K.  Feist,  Arch.  d.  Phnrm.,  1908,  246.  S.  J.  M.  Auld,  Proc.  Chcm.  Soc, 
1908,  97.  With  regard  to  tho  occurrence,  of  arsenic  in  iilinonils  op.  P.  Jadin  and 
A.  Anstruc,  C'mnpi.  rend.,  Idl2,  893. 

^  Analij.it,  1896,  328. 

'  Analyst,  1911,  264. 
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Fraction. 

Butyro-refracto- 
meter  Degrees. 

Iodine  Value. 

'NTpiitim  1  iRji  f.inn 

Xl  C  UUlUllOUil'lL'U 

Value. 

1 

44-0 

82-9 

205-1 

2 

45-0 

84-7 

3 

47-0 

88-0 

4 

48-5 

89-9 

6 

51-0 

91-2 

6 

55-5 

96-7 

Residue 

82-0 

119-3 

194-6 

Contrary  to  older  statements,  almond  oil  does  not  easily  turn 
rancid.  A  number  of  genuine  almond  oUs,  12  to  18  months  old, 
examined  in  my  laboratory,  had  acid  values  varying  from  0-79  to 
5-1  (see  table,  p.  292). 

Almond  oil  is  largely  used  iu  pharmaceutical  practice,  hence  the 
pharmacopoeia  of  each  country  prescribes  certain  reactions  for  identi- 
fication. Most  of  these,  such  as  the  specific  gravity  test  and  the  elaidin 
test,  are  of  very  little  use  for  this  pm-pose.  Of  greater  importance  is 
the  determination  of  the  melting  point  of  the  mixed  fatty  acids,  almond 
oil  being  characterised  by  a  low  melting  point  of  its  mixed  fatty  acids. 
According  to  the  German  Pharmacopoeia  the  mixed  fatty  acids  of  pure 
almond  oil  should  remain  liquid  at  15°  C.  for  an  indefinite  length  of 
time  ;  mixed  with  an  equal  volume  of  alcohol  they  should  give  a  clear 
solution  at  15°  C,  and  not  become  turbid  on  adding  twice  the  volume 
of  alcohol.  Olive,  sesame,  arachis,  and  cotton  seed  oils  may  thus  be 
detected.    Apricot  or  peach  kernel  oils  will,  however,  escape  detection. 

Older  statements  that  almond  oil  is  adulterated  with  the  following 
oils  :— poppy  seed,  wahaut,  cotton  seed,  sesame,  arachis,  ohve,  lard 
oils,  hardly  hold  good  to-day.  It  need,  therefore,  only  be  briefly 
pointed  out  that  poppy  seed,  walnut,  cotton  seed,  and  also  sesame 
oils  would  be  detected  by  high  iodine  values.  Confirmatory  tests  to 
be  applied  would  be  :— in  the  case  of  cotton  seed  oil,  the  Halphen 
colour  test,  and  the  melting  point  of  the  mixed  fatty  acids  ;  and  in  the 
case  of  sesame  oil,  the  Baudouin  colour  reaction.  Arachis  oil  would 
be  identified  by  the  isolation  and  determination  of  arachidic  acid; 
oUve  oU  by  the  Hgh  melting  point  of  the  fatty  acids,  and  the  solidifying 
point  of  the  oil  itself ;  lard  oil  by  the  phytosteryl  acetate  test. 

The  chief  adulterants  of  almond  oil  are  apricot  kernel  oil  and  peach 
kernel  oil  The  latter  oUs  are  used  to  such  an  extent,  that  fi-equently 
they  are  entirely  substituted  for  almond  oil ;  indeed  "  foreign  "  almond 
oil  or  "  oil  of  sweet  almonds,  French,"  Oleum  Amygdalarum  Gallicum, 
is  nothing  else  but  a  mixture  of  apricot  kernel  oil  and  peach  kernel  oil. 
Genuine  almond  oil  is  sold  in  commerce  under  the  name  almond  oil, 
Enelish  "  Pure  almond  oU  may  be  difierentiated  from  apricot  and 
neach  kernel  oUs  by  its  lower  iodine  value,  so  that  an  almond  oil  having 
an  iodine  value  exceeding  105  must  be  looked  upon  with  suspicion. 
The  differentiation  of  almond  oU  from  these  two  oUs  by  means  of  the 
colour  tests  described  below  will  not  lead  to  decisive  results  m  every  case, 
owing  to  the  different  behaviour  of  almond  oils  from  various  sources. 
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The  close  relationship  in  which  apricot  kernel  and  peach  kernel 
oUs  stand  to  almond  oil  renders  their  detection  in  an  adulterated  almond 
oil  a  very  difficult  problem,  which  cannot  be  solved  with  certainty  in 
the  present  state  of  our  knowledge,  since  most  of  the  physical  and 
chemical  characteristics,  including  the  iodine  value,  fail  to  reveal  the 
presence  of  the  kernel  oUs. 

In  doubtful  cases  recourse  may  be  had  to  the  following  colour 
reactions,  which  should,  however,  be  looked  upon  as  confirmatory 
tests  only,  and  as  more  suitable  for  difierentiating  peach  kernel  and 
apricot  kernel  oils  severally  from  almond  oils,  than  for  detecting  the 
former  oils  when  admixed  with  almond  oil. 

Nitric  Acid  Test. — ^Almond  oil,  shaken  with  nitric  acid  of  specific 
gravity  14,  remains  colourless,  or  becomes  only  slightly  yellow,  whereas 
apricot  kernel  oil  assumes  an  orange  yellow  colour,  and  peach  kernel  oil 
becomes  yellowish  brown,  subsequentlypassing  into  a  dirty-orange  colour. 

Bieher's  Test  is  carried  out  by  agitating  five  volumes  of  oil  with 
one  volume  of  a  mixture  consisting  of  equal  parts  (by  weight)  of  con- 
centrated sulphuric  acid,  fuming  nitric  acid,  and  water.  Pure  almond 
oil  does  not  change  its  colour,  whereas  apricot  kernel  oil  gives  a  pink 
(peach-blossom)  colour,  and  peach  kernel  a  faint  pink  colouration  after 
standing  for  some  little  time.  I  find  that  it  is  necessary  to  prepare 
Bieher's  reagent  afresh  for  each  test ;  it  should  also  be  noted  that  the 
colour  reaction  is  much  more  distinct  in  the  case  of  freshly  expressed 
oil  than  in  the  case  of  a  sample  which  has  been  kept  for  half  a  year  and 
longer  (LewJcowitsch). 

Whereas  it  is  thus  possible  to  difierentiate  broadly  almond  oil 
from  apricot  and  peach  kernel  oils,  it  would  be  hazardous  to  pronounce 
adulteration  on  the  strength  of  these  colour  tests  alone.  Mixtures  of 
almond  oil  and  apricot  kernel  oU  containing  equal  parts  of  each  oil  still 
show  distinctly  the  colour  reaction  of  the  latter,  but  mixtures  containing 
25  per  cent  of  apricot  kernel  oil  can  no  longer  be  detected  with  certainty 
{LewkowitscJi  ^). 

Eecently,  a  -jLth  per  cent  solution  of  phloroglucinol  in  ether,  applied 
in  the  presence  of  nitric  acid,  has  been  proposed  to  detect  apricot  kernel 
and  peach  kernel  oils.^  Nitric  acid  of  specific  gravity  1-45  gives,  in 
my  experience,  better  results  than  the  acid  of  142  specific  gravity 
recommended  by  Chwolles.  Undoubtedly  apricot  kernel  oil  and 
peach  kernel  oil  give  distinct  deep  red  colourations  with  the  reagent, 
in  contradistinction  to  some  almond  oils ;  yet  other  specimens  of 
genuine  almond  oils  tested  in  my  laboratory  (see  table,  p.  292)  show 
the  same  reaction  more  or  less  strongly.  This  test  must,  therefore, 
be  employed  with  even  greater  circumspection  than  Bieher's  test. 

In  the  following  table  I  have  collated  a  number  of  tests  carried 
out  with  genuine  almond  oils.  A  comparison  of  these  numbers  with 
those  given  for  apricot  and  peach  kernel  oils,  will,  in  doubtful  cases, 
render  some  assistance  to  the  analyst. 

'  Analyst,  1904,  106. 
Chwolles,  Pharm.  Zeit.,  1903,  109.    The  rengent  was  first  proposed  by  Kreis. 
Cp.  Fahrion,  Zeitschr.  f.  angew.  Chem.,  1904,  869. 
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The  following  refractive  indices  for  different  rays,  have  been  deter- 
mined by  Ross ;  unfortunately,  these  numbers  do  not  furnish  a 
means  of  differentiating  almond  oil  from  the  related  oils. 


Refractive  Indices  at  20  Degrees  Centigrade  (Ross) 


Oil 

D 

c" 

F 

G 

No.  1 

1-4715 

1-4688 

1-4780 

1-4835 

M  2 

1-4715 

1-4688 

1-4780 

1-4836 

3 

1-4711 

1-4685 

1-4777 

1-4833 

4 

1-4712 

1-4686 

1-4778 

1-4834 

5 

1-4710 

1-4685 

1-4777 

1-4833 

6 

1-4714 

1-4688 

1-4780 

1-4835 

„  7 

1-4710 

1-4685 

1-4776 

1-4832 

„  8 

1-4717 

1-4692 

1-4784 

1-4839 

„  9 

1-4715 

1-4690 

1-4782 

1-4837 

„  10 

1-4725 

1-4700 

1-4792 

1-4847 

Almond  oil  is  too  expensive  to  admit  of  any  other  use  than  in 
pharmaceutical  practice  and  for  high-class  toilet  soap.  Statements 
in  the  technical  literature  and  even  in  patent  specifications  as  to  the 
employment  of  almond  oil  in  the  manufacture  of  oU  varnishes  must 
therefore  be  accepted  with  the  greatest  reserve.  Although  its  price 
woidd  not  militate  against  its  use  as  a  lubricating  oil  for  fine  machinery, 
it  cannot  be  recommended  for  this  purpose. 

WHEAT-MEAL  OIL- 

French — Huile  de  farine  de  froment.  German — Weizenmehldl. 
Italian — Olio  di  farina  di  frumento. 

This  oil  is  extracted  from  wheat  flour,^  and  must  not  be  confounded 
with  wheat  oU.  The  proportion  of  fat  in  ten  samples  of  wheat  meal 
examined  by  PMcker^  varied  from  0-99  to  1-63  per  cent. 


Physical  and  Chemical  Characteristics  of  Wheat-Meal  Oil 


Specific  Gravity 

at  100° 
(water  15°  C.  =  l). 

Saponifica- 
tion 
Value. 

Reichert- 
Heissl 
Value. 

Iodine 
Value. 

Refractive 

Index. 
At  25°  C. 

Observer. 

0-9068 

166-5  (?) 

2-8 

101-5 

1-4851 

Spaeth 

Butyro- 
refracto- 
metor. 
"Degrees." 

182-8 

2-95-4-95-' 

96-1-112-5 

92 
92 

»» 

De  Negri 
and  Fabris 
Pliicker 

'  Analyst,  1904,  106. 

Spaeth,  Analyst,  1896,  234.  Cp.  C/mn.  Revue,  1904,  127. 
^  Znits.f.  Unlers.  d.  Nahrgs-  u.  Oenussm,.,  1907  (xiv.),  751. 
''  Minimum  and  maximum  numbers  of  ten  samples. 
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SANGUINELLA^  OIL,  DOGWOOD  OIL,  CORNEL  OIL 

Frencli — Huile  de  cornouiller.  German — Hartriegelol. 
Italian — Olio  di  sanguinella. 

The  seeds  of  the  dogwood  (cornel  tree),  Cornus  sanguinea,  L., 
contain  55  per  cent  of  a  greenish-yellow  oil.  Grimaldi  gives  a  colour 
reaction  for  the  detection  of  cornel  oil  in  olive  oil ;  for  the  description 
of  the  colour  test  the  reader  is  referred  to  the  original. ^  Sanguinella 
oil  is  used  in  Italy  as  a  buirdng  oil,  and  for  soapmaldng. 


Physical  and  Chemical  Characteristics  of  Saiiguinella  Oil 


Specific  Gravity 
at  15°  C. 

Solidifying 
Point. 
°C. 

Saponiflc. 
Value. 
Mgrm3.E;0H. 

Iodine 
Value. 
Per  cent. 

Maumen6 
Test. 
°C. 

Butyro- 
refracto- 
meter. 

Observer. 

0-921 
0-921-0-9225 

-15 
-12  to  -15 

19211 
192-192-5 

100-8 
100-101 

52 
53-54  3 

62-63 
"  Degrees  " 
at  25°  C. 

De  Negri 
and 
Fabris 
Grimaldi 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Solidifying  Point. 
°C. 

Melting  Point. 
°C. 

Neutrftlisation 

Value. 
Mgrms.  KOH. 

Iodine  Value. 
Per  cent. 

Observer. 

31-29 

34-37 

195-1 

102-75 

N.  and  F. 

ACORN  OIL  * 

French — Huile  de  gland.  German — EichecJcernol  ;  Eicheldl. 
Italian — Olio  di  ghiande. 

This  oil  is  obtained  by  extracting  the  fruit  of  Quercus  agrifolia. 
It  is  a  deep  brown  fluorescent  oil,  from  which  after  long  standing  some 
"  stearine  "  separates. 


Physical  and  Chemical  Constants  of  Acorn  Oil 


Specific  Gravity 
at  15°  C. 

Solidifying  Point. 
°C. 

Saponification 
Value. 

Iodine 
Value. 

Maumend 
Test.  "0. 

1 

Refractive 
Index. 

0-9162 

10 

199-3 

100-7 

60 

1-4731 

The  melting  point  of  the  fatty  acids  is  25°  C. 

^  De  Negri  and  Fabris,  Aivnali,  etc.,  181. 

Slaz.  sperim.  agrar.  Hal.,  1911  (44),  291.  ^  In  Tortelli's  tliermoleometer. 

^  Blasdale,  Journ.  Soc.  Chem.  Ind.,  1896,  206.  °  Jean's  tlierraelosometer. 
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CALIFORNIAN  NUTMEG  OIL  ^ 

Frencli — Huile  de  noix  de  Californie.  German — Kalifornisches 
Muslcatdl.  Italian — Olio  di  noci  di  California. 

Californian  nutmeg  oil  is  obtained  from  the  fruit  of  Tumion  cali- 
fornicum. 


Physical  and  Chemical  Characteristics  of  Californian  Nutmeg  Oil 


Specific  Gravity 
at  15°  C. 

Saponific.  Value. 
Mgrms.  KOH. 

Iodine  Value. 
Per  cent. 

Maumene  Test. 
"C. 

Refractive  Index. 

0-9072 

191-3 

94-7 

772 

1-4766 

The  melting  point  of  the  fatty  acids  is  19°  C. 


OWALA  OIL,^  PULLA  PANZA  OIL,*  ATTA  SEED  OIL. 

French — Ruile  d'owala.  German — Owala  01. 
Italia>n — Olio  di  owala. 

For  tables  of  characteristics  see  p.  296. 

This  oil  is  obtained  from  the  seeds  *  of  Pentaclethra  macrophylla, 
Benth.,  a  Mimosea  growing  on  the  West  Coast  of  Africa.^  The  seeds, 
termed  by  the  natives  "  ovrala  "  [Gaboon),  "  opachala  "  (Sousouland), 
or  ''  atta  beans,"  "  fai  beans  "  have  the  form  of  a  mussel ;  they  consist 
of  20-6  per  cent  of  husks  and  79-4:  per  cent  of  kernels.  The  weight  of 
the  whole  seeds  varies  from  8  to  20  grms.  The  seeds  yield  304  per 
cent,  and  the  kernels  41-6  per  cent  of  oil. 

The  oil  (extracted  with  ether)  has  a  faint  yellowish  colour,  pleasant 
taste,  and  aromatic  odom*. 

A  specimen  of  oil  prepared  by  the  natives  and  supplied  to  the 
author  (through  reliable  sources)  yielded  on  examination  (by  the 
lead-salt-ether  method)  in  two  experiments,  24:-7-28-60  per  cent  of  liquid 
acids  and  70- 2-74- 8  per  cent  of  solid  acids.  The  mean  molecular  weights 
of  the  acids  were  respectively  320  and  346.'  From  the  solid  acids  an 
acid  melting  at  78-79°  C,  and  crystallising  in  white  laminae,  was 
isolated.  This  oil  contained  2-74  per  cent  of  unsaponifiable  matter. 
Oil  prepared  in  the  author's  laboratory  from  the  seeds  by  extraction 
with  ether  yielded  2-50  per  cent  of  unsaponifiable  matter  {Wedemeyer 
0-.54  per  cent,  Grimme  3-2  per  cent). 

'  Blasdale,  .lourn.  Soc.  Cliem.  hid.,  1896,  206.  Jly  .lean's  thernieloeometer. 

Wedemeyer,  Cliem.  Rev.,  1906,  210  ;  liiill.  Imp.  InM.,  1907,  10. 

*  The  native  name  for  the  seeds  and  tlie  oil  in  the  Congo  is  Kulla  Panza  seeds  and 
Kulla  Panza  oil.    In  Angola  the  seeds  are  known  as  "  Nulla  Panza." 

"  E.  Drabble,  quail,  .fourn.  Iml.  of  Comm..  liencarch  (Liverpool  University),  1907, 
April  ;  CI.  Grimme,  Ckem.  Jiev.,  1910,  157,  cp.  "  DiUa  Oil." 
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CHAP. 


Observer. 

1 

Wedemeyer 

Imperial  Institute 
Spiegel  1 

Warburton  ^ 
Grimme  ^ 

Refracti>e 
Index. 

CO 

Butyro- 
refractometer. 
"Degrees." 

d 

0 

0 

d  .   .  .0 

°o    •     =          -  " 

.0 
c 

5H" 

100° 

Iodine 
Value. 
Per  cent. 

CO                                         CO       ^  tH 

<3i                                                   :            CO  10 
OS                                         Oi                    CJ  CO 

Saponification 

Value. 
Mgrms.  KOH. 

186 

167-6 

169-3 
203 

Melting  Point. 
"C. 

•  •• 

22-24-5 

Solidifying 
Point 

•c. 

4 

"Stearine" 
separates  at 
18°  to  19°  ; 
becomes  a 
buttery 
mass  at  8°. 

8 

15-5-20-6 
5-7 

Specific 
Gravity. 

0-9119 

0  8637 
0-9036 

0-9041 
0-9259(?) 

d 

25 

100 

10 
(water  at 
15°  C.=l) 

40 
(water  at 
15°  C.  =  l) 

15 
(water  at 
15°C.  =  1) 

Native  oil  . 
Extracted  oil 

3 


;»5 


Observer. 

Wedemeyer 

Imperial  Institute 
Grimme 

Neutralisation 

Value. 
Mgrms.  KOH. 

is     :  : 
00     •  • 

Melting  Point. 

•c. 

,53-9 
(capillary  tube) 
62-4' 

Solidifying  Point. 

•c. 

IN      :  : 
lis 

Insoluble  Acids 
-(-Un.saponiliable. 
Per  cent. 

10 

(O  00 
Oi        Oi  Oi 
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ARACHIS  OIL,  PEANUT  OIL,  EARTHNUT  OIL,  GROUND  NUT  OIL 

French — Huile  d'aracMde.    German — Arachisdl,  Erdnussol. 
Italian — Olio  di  aracMde. 

For  table  of  characteristics  see  pp.  307-309. 

Arachis  oU  is  obtained  from  the  seeds  of  Arachis  hypogcea,  L.  {Legu- 
minosce)  known  as  earthnuts  ("  monkey  nuts  "). 

The  cultivation  of  the  arachis  plant  dates  back  so  far  in  history 
that  its  origin  cannot  be  located  with  certainty ;  but  it  is  generally 
assumed  that  the  home  of  the  arachis  nut  is  Brazil.  Arachis  hypogcea 
represents  a  cultivated  variety  derived  from  A.  prostrata,  Benth.-*- 

The  arachis  plant  is  chiefly  cultivated  ^  in  Japan,  the  East  Indies, 
Burma,  China,  Indo-China,  Java,  Mozambique,  the  West  Coast  of 
Africa  (latterly  also  in  Togo  ^  and  Southern  and  Northern  *  Nigeria), 
Madagascar,  Algeria,  Egypt,  Spain,  Sicily,  the  United  States  of  America 
(chiefly  in  Virginia,^  Georgia,  Tennessee,  and  North  Carolina  ^),  Mexico, 
Brazil,  La  Plata  (especially  in  the  provinces  Salta  Jujun,  Tucuman, 
Santiago  del  Estero,  Chaco,  Formosa,  Cordoba,  and  Santa  Fe  of  the 
Argentine),  and  also  in  the  following  West  Indian  Islands  :  Jamaica, 
Trinidad,  Grenada,  Carriacou,  St.  Vincent,  St.  Lucien,  Santa  Lucia, 
Barbados,  St.  Kitts.  The  East  Indian  and  the  West  African  nuts 
represent  two  distinct  varieties.  The  Indian  (Bombay  and  Coromandel) 
and  Mozambique  earthnuts  are  usually  decorticated  before  shipment 
to  Europe.  As  they  undergo  "  heating  "  on  the  voyage,  they  cannot 
be  used  for  the  production  of  best  edible  oil,  and  are  mainly  worked 
up  for  soap  oils.  The  nuts  from  the  Coromandel  coast  are  wholly 
worked  up  for  soap  oil ;  those  from  Bombay  yield  oil  of  somewhat 
better  quality,  which  can  be  used  as  a  lower  quality  of  edible  oil  but  is 
chiefly  employed  as  lubricating  oil,  for  oiling  wool,  etc.  The  Mozam- 
bique nuts  yield  an  edible  oil  of  inferior  quality,  as  only  those  seeds 
which  are  imported  in  their  shells  furnish  the  finest  edible  oils.  Less 
important  in  the  world's  commerce  are  the  arachis  nuts  produced  in 
Japan,  Madagascar,  Egypt,  and  Mexico. 

'  Cp.  Marcel  Duraiit,  Bull,  du  Museum  d'histoire  naturclle,  1906  (5),  340  ;  J.  Adam, 
L'Arachide;  culture,  produits,  commerce,  etc.,  Paris,  1908.  Th.  Fleury,  L'Arachklc 
{principalement  celle  de  la  Senegambic),  Bordoaux,  Feret  et  tils,  1900. 

^  With  regard  to  the  diseases  of  the  arachis  plant  cp.  A.  Zinuiicriiiaiin,  Der  Pflanzer, 
1907,  V.  125. 

The  experiments  made  in  Togo  have  up  till  now  not  led  to  satisfactory  resnlts. 
'  Cp.  Bull,  Imp.  Inst.,  1910,  1.53.    A  Chevalier,  Les  VSgSlaux  utiles  de  V Afrique 
tropicale frani^aise,  vol.  i.  fascicules  1-V. 

The  Virginia  nuts  are  stated  to  contain  normally  0"015  per  cent  of  boric  acid. 
{(Jhmi.  Zeil.,  1909,  307). 

"  The  cultivation  of  arachis  nuts  in  the  United  States  is  being  rapidly  extended 
especially  in  the  Southern  part  of  Arkansas,  the  Eastern  part  of  Texas,  the  Northern 
part  of  Louisiana,  and  the  South  of  Missis-sippi. 
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The  arachis  nuts  grown  in  the  Umted  States  are  almost  exclusively 
worked  up  for  edible  oU.  The  home-grown  seeds  do  not  suffice  for  the 
demand,  and  therefore  large  quantities  must  be  imported.  Since 
decorticated  nuts  would  be  useless  to  the  American  oil  manufacturer 
(owing  to  the  changes  they  undergo  dm'ing  the  voyage),  nuts  are 
imported  exclusively  in  the  shell  from  the  West  Coast  of  Africa.  The 
largest  arachis  nuts  are  obtained  from  the  plants  cultivated  in  Fiji. 

The  chief  producer  of  arachis  nuts  is  Senegal.  The  quantities 
shipped  to  Europe  are  set  out  in  the  following  table  : — 
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The  value  of  the  exports  of  arachis  nuts  from  East  India  is  given 


in  the  following  table  : — 
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1911-12. 

1,592,550 
494,030 

2,086,580 

1910-11. 

£ 

1,633,321 
377,165 

2,010,486 

•01-6061 

£ 

1,359,872 
179,632 

1,539,504 

1908-9. 

£ 

815,199 
85,170 

900,369 

1907-8. 

£  1 
661,049 

124,864 

785,913 

Countries. 

France 

Other  countries 

Total    .  . 

The  chief  centres  of  the  arachis  oil  industry  are  Marseilles,  Bordeaux, 
Dunkirk,  Valencia,  Trieste,  and  Delft. 

The  quantities  of  arachis  nuts  imported  into  France,  and  Marseilles 
in  particular,  are  set  out  in  the  following  table  : — 
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Imports  of  Arachis  Nuts  into  France  and  Marseilles 


Kilograms 


Yfiar. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 


In  Shells. 


France. 


54,252,365 
61,440.732 
93,684,247 
94,495,450 
134,266,526 
120,408,208 
104,944,350 
146,888,425 
134.658,090 
102,900, 986 
109,871,900 
163,241,200 
154,083,000 
219,208,000 
241,208,000 
216,770,000 


Marseilles. 


27.680,697 
30,414.186 
59,412,500 
60,685,291 
81,050,270 
72,092,808 
61,649,228 
94,116,177 
81,961,845 
57,106,499 
72,927,138 
120,550,102 
102,188,000 
155,056,000 
147,727,000 
148,838,000 


Decorticated. 


France. 


48,884,155 
6,959,204 
4,764,114 
11,786.721 
24,295,979 
58,132,221 
119,451,509 
100,339,519 
110,067,445 
100,746,178 
114,210,900 
117,404,000 
84,807,000 
160,140,000 
178,077,000 
178,379, 000 


Marseilles. 


45,199,413 
6,753,230 
4,763,984 
7,232,671 
22,520,879 
54,486,709 
110,814,639 
86,223,015 
99,392.359 
97,092,561 
110,729,835 
109,230,215 
85,653,000 
170,012,000 
166,621,000 
202,274,000 


It  will  be  seen  that  Marseilles  receives  more  than  half  the  arachis 
nuts  (both  in  shells  and  decorticated)  exported  from  the  West  Coast 
of  Africa.  These  nuts  are  classed  according  to  their  quality  as  follows  : — 


Rufisque,  Cayor 
Sine  . 

Maning  and  Joal 
Saloum 
Gambia 
Galam 
Casamanca 
Bissao 
Boulam 
Rio-Nunez 


►Isfc  quality 


f  2nd  quality 


^3rd  quality 


Imports  of  Arachis  Nuts  into  Germany 
Metric  Tons 


From 

1908. 

1909. 

1910. 

1911. 

1912. 

British  West  Africa  . 

1,597 

4,619 

German  East  Africa  . 

1,430 

1,964 

French  West  Africa  . 

17,368 

21,758 

Portuguese  East  Africa  . 

3,834 

1,866 

Portuguese  West  Africa  . 

2,882 

2,791 

India  

30,249 

25,820 

China  

7,699 

6,995 

French  East  Indies  . 

678 

1,190 

Dutch  East  Indies 

3,221 

1,307 

Total  . 

23,619 

49,909 

69,133 

68,958 

68,310 
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Imports  into  and  Exports  from  Germany  of  Arachis  OH 
Metric  Tons 


Imports. 

Exports. 

From 

1911. 

1912. 

To 

1911. 

1912. 

France  . 

155 

417 

Belgium  . 

389 

198 

Holland 

260 

632 

Denmark 

2042 

2969 

United  Kingdom  . 

873 

2230 

Holland  . 

1343 

1881 

Norway  . 

244 

774 

Austria-Hungary  . 

150 

258 

Sweden  . 

1307 

1921 

Switzerland  . 

643 

412 

United  States  of 

America 

38 

955 

The  importance  of  the  Dutch  arachis  nut  trade  is  shown  by  the 
following  table  : — 


Year. 

Imports. 

Exports. 

Metric  Tons. 

Metric  Tons. 

1901 

21,634 

6,312 

1902 

27,155 

10,755 

1903 

32,948 

13,000 

1904 

37,937 

12,607 

1905 

26,660 

6,318 

1906 

26,957 

11,250 

1907 

27,296 

9,367 

1908 

37,951 

14,248 

1909 

51,761 

20,556 

1910 

58,597 

12,117 

1911 

47,581 

12,762 

The  exports  of  .earthnuts  from  Java  in  1910  were  18,000  tons ;  in 
1911,  2.5,000  tons ;  and  in  1912,  11,400  tons. 


Exports  of  Arachis  Nuts  from  Gambia 


Tons. 

£ 

1908 

31,964 

245,084 

1909 

53,644 

323,231 

1910 

58,456 

387,943 

1911 

47,931 

437,472 

1912 

64,169 

502,069 

The  following  data  are  taken  from  actual  results  on  a  largo  scale 
in  South  of  Europe  oil  mills.    Arachis  nuts  in  shells  coming  from 
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.  Eufisque,  Saloum,  Sine,  Gambia— termed  in  the  trade  "  liaut  de  cote  " 
—contain  35-36  per  cent  of  oil ;  the  kernels  alone  contain  50-51  per 
cent.  On  a  large  scale  the  nuts  yield  28-30  per  cent  of  shells  and 
31-5-32-5  per  cent  of  oil,  the  press  cakes  retaining  from  8  to  9  per  cent 
of  oil.    Calculated  on  the  kernels,  they  jdeld  44-5-45-5  per  cent  of  oil. 

The  Casamanca  nuts — termed  in  the  trade  "  has  de  cote  " — contain 
34-35  per  cent  of  oil,  and  the  kernels  50  per  cent.  On  a  large  scale 
they  yield  30-32  per  cent  of  shells  and  30-5-31-5  per  cent  of  oU. 

The  decorticated  Bombay  and  Coromandel  ^  nuts  contain  42  to  44 
per  cent  of  oil.  On  a  large  scale  they  yield  36  to  38  per  cent  of  oil. 
Decorticated  Mozambique  nuts  contain  46  to  48  per  cent  of  oil,  and 
yield  on  a  large  scale  40  to  42  per  cent. 

La  Plata  nuts  yielded  only  27-5-28  per  cent  of  oil.  This  oil  is,  as  a 
rule,  paler  than  the  oil  from  West  African  nuts.^ 

Arachis  nuts  harvested  in  the  Cameroons  seem  to  be  the  richest  in 
content  of  oU.  Nuts  harvested  in  Lomie  were  found  to  contain  9-86 
per  cent  of  water  and  65-7  per  cent  of  fat  calculated  on  dry  kernels. 
The  richness  of  the  kernels  as  regards  oil  seems  to  depend  on  conditions 
of  soU  and  cultivation ;  the  more  inland  the  nuts  are  harvested  the 
better  seems  to  be  their  condition. 

The  nuts  are  first  shelled,  if  necessary,  by  special  machinery,  and 
the  inner  or  red  skin  ^  which  surrounds  the  kernel  is  removed  as  com- 
pletely as  possible  by  a  blast  of  air,  in  a  manner  similar  to  that  employed 
for  cleaniag  wheat  in  flour  mills.  The  husks  are  as  a  rule  blown  into 
the  boiler-house  to  serve  as  fuel,  or  are  ground  and  mixed  with  the 
arachis  meal.  The  inner  skins  are  added  to  the  refuse  meal,  and  are 
expressed  with  it.  The  separated  and  cleaned  kernels  are  then  ground 
and  subjected  to  hydraulic  pressure.  Since  the  kernels  contaia  from 
43  to  45  per  cent  of  oU,  expression  of  the  oil  is  carried  out  in  two  stages 
(cp.  Chap.  XIII.).  Frequently  the  meal  is  expressed  three  times. 
The  first  expression  takes  place  at  the  ordinary  temperature,  the  second 
at  a  temperature  of  30°  to  32°  C,  and  the  third  at  50°  to  56°  C. 

The  "  cold  drawn  oil "  of  the  first  expression  is  nearly  colourless, 
and  has  a  pleasant  taste  recalhng  the  flavour  of  kidney  beans.  It 
is  used  as  salad  oil,  and  sold  under  the  name  "  huile  sm'fine  "  de 
Rufisque,  Gambia,  Sine,  etc.  The  oil  obtained  by  second  expression 
also  serves  for  edible  purposes  or  for  burning.  The  third  quality, 
expressed  at  the  highest  temperature,  is  chiefly  used  for  soap-making. 
This  oil  is  somewhat  thick  and  turbid,  and  must  therefore  be  brightened 
by  filtration. 

A  comparison  of  the  specific  gravities  and  iodine  values  of  different 
arachis  oils  of  first  expression  and  second  expression  has  been  given 
by  WijsJ^  For  edible  purposes  the  oil  is  required  to  be  almost  water 
white  ;  hence  it  is  filtered  over  fuller's  earth  or  charcoal  (cp.  Vol.  III. 

1  Decorticated  coromandel  nuts  are  bought  in  Marseilles  only  on  condition  that 
foreign  matters  <io  not  exceed  3  per  cent. 
-  J.  Adam,  L' Arachide,  etc.,  p.  88. 

^  These  sldns  contain  on  an  average  14  per  cent  of  oil  (C.  S.  Fuchs,  Chem.  Zeit., 
1911,  358). 

■*  Wijs,  Zeits.  f.  Unters.  d.  X'ahrgs-  n.  Genussm.,  1903,  492, 
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Chap.  XV.  "  Edible  Oils  ").  It  should  be  noted  that  arachis  oil  is 
usually  pressed  in  the  same  establishment  as  sesame  oil,  and  since  it 
is  impossible  to  keep  presses  and  press  cloths  separate  for  each  kind 
of  oil,  commercial  arachis  oil  contains  a  sufl6.cient  amount  of  sesame  oil 
to  give  the  colour  reaction  of  the  latter  faintly.  Due  regard  should  be 
paid  to  this  fact  in  judging  a  commercial  sample  of  arachis  oil  which 
gives  a  faint  Baudouin  reaction.^ 

The  cakes  serve  as  an  excellent  cattle  food,  as  they  contain  the 
highest  amoimt  of  proteins  of  all  known  oil  cakes  ;  moreover,  these 
proteins  are  more  easily  digested  than  those  of  other  cakes.  (With 
regard  to  the  alleged  toxic  efiect  observed  occasionally  after  feeding 
cattle  with  arachis  cake,  compare  Benecke,^  Kriiger,^  Mooser,'^  Lewko- 
ivitsch,^  Hefter.^)  The  cakes  from  non-decorticated  nuts  contain  5-35 
per  cent  of  nitrogen  and  0-9  per  cent  of  phosphoric  acid  ;  cakes  from 
decorticated  nuts  contain  7-9  per  cent  of  nitrogen  and  1-35  per  cent 
of  phosphoric  acid.  The  cakes  from  damaged  or  mouldy  seeds  serve 
as  a  valuable  fertiliser  in  the  South  of  France  and  in  Italy  (especially 
for  early  fruit). 

On  standing  slightly  above  0°  C.  arachis  oU  deposits  a  "  stearine," 
which  does  not  readily  settle  out  as  a  crystalline  mass.  A  number  of 
experiments  carried  out  by  the  author''  show  that  even  when  crystals  are 
once  obtained,  the  very  slight  rise  of  temperature  caused  by  handling 
the  material  8uflB.ces  either  to  melt  the  crystalline  mass,  or  to  convert 
it  into  a  gelatinous  form,  which  withstands  all  attempts  at  filtering. 

If  the  "  stearine  "  has  settled  out  by  prolonged  standing  in  the 
cold,  an  arachis  oil  less  rich  in  solid  glycerides  can  be  drawn  off  leaving 
the  "  stearine  "  behind.  A  "  margarine  d'arachide  "  of  the  iodine 
value  79-4,  melting  point  21-5°  C,  represents  a  "  stearine  "  so  obtained 
on  a  large  scale.^ 

Palmitic  acid,  stated  by  Caldwell^  to  occur  in  arachis  oil,  could 
not  be  detected  by  KreiUng}^  Gossmann  was  the  first  to  prove  the 
presence  of  arachidic  acid.  Kreiling  detected  lignoceric  acid,  which 
can  be  separated  from  arachidic  acid  by  means  of  alcohol  (cp.  below). 
The  occurrence  of  stearic  acid  amongst  the  solid  fatty  acids  was  assumed 
by  Hehner  and  Mitchelip-  a  specimen  of  oil  examined  by  them  having 
given  7  per  cent  of  "  stearic  acid  "  crystals  of  the  melting  point  67°  C. 
This  "  stearic  "  acid  no  doubt  consisted  chiefly  of  "  arachidic  "  acid, 
of  which  arachis  oil  contains  about  5  per  cent.  Indeed  it  has  been 
shown  by  Meyer  and  Beer  to  consist  of  a  mixture  of  lignoceric  and 
arachidic  acids. 

Gossmann  and  Scheven^  and  also  Schroder ^'^  claim  to  have  found 

'  Cp.  also  Fendler,  Ze.its.  f.  (Inters,  d.  Nahrgs-  u.  Oenussm.,  1903,  411. 

2  Landw.  Versuchss/,.,  34,  145.  Ghcm.  ZeM.,  1906,  999. 

Lmidw.  Ver.mchs.1t.,  1904,  331.  "  .rourn.  Soc.  Cham.  Ind.,  1908,  430. 

•*  Sei/en.iieder  ZeiL,  1908,  1277. 
"  Lowkowitscli,  .roicrn.  Soc.  Ohcm.  Ind.,  1903,  .^92. 
*  Wijs,  ZeitH.f.  Unlets,  d.  Nahrqs-  u.  Ocnu.mn.,  1903,  492. 
»  Liehirj's  A7inal.,  ISf)?  (101),  97.  lierichtc,  1888,  880. 

"  Analyst,  1896,  328.  >2  Monalsh.f.  Chem.,  1913,  1195. 

"  Liebig's  Annul.,  1855  (94),  230.  "  Ibid.  143,  22. 
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amongst  the  liquid  fatty  acids  liypogseic  acid  (Vol.  I.  p.  176),  whereas 
Schoen}  asserted  that  oleic  acid  is  the  only  unsaturated  acid  in  arachis 
oil.  Hazura's^  conjecture  that  hypogseic  acid  forms  a  constituent 
of  the  unsaturated  glycerides  in  arachis  oil  is  confirmed  by  the  fact 
that  synthetical  hypogseic  acid  has  the  same  properties  as  the  natural 
acid  in  arachis  oil  found  by  Gossmann  and  Scheven,  and  by  Schroder. 
Meyer  and  Beer,  however,  could  not  detect  this  acid.  These  observers 
state  that  the  unsaturated  fatty  acids  consist  of  oleic  and  linohc  acids  ex- 
clusively. Hazura  and  Griissner  further  identified  linolic  acid.  Farn- 
steiner  calculated  the  amount  of  this  acid  in  an  arachis  oil  having  the 
iodine  value  82-9,  as  about  6  per  cent  of  the  mixed  fatty  acids.  Judging 
from  the  iodine  value  of  the  liquid  fatty  acids,  as  given  in  the  table  of 
characteristics  of  the  insoluble  fatty  acids,  this  proportion  appears  much 
too  low.  In  somewhat  better  agreement  with  the  numbers  given  in 
the  table  is  Farnsteiner's  statement,  that  the  insoluble  fatty  acids 
contain,  besides  oleic  acid,  30-3  per  cent  of  liquid  fatty  acids,  of  which 
linolic  acid  only  forms  a  fraction.  Since  arachis  oil  contains  no  linolenic 
acid,  the  deficiency  of  unsaturated  acids  (to  account  for  the  high  iodine 
value  of  the  insoluble  liquid  fatty  acids)  may  perhaps  be  explained, 
pending  further  investigation,  by  the  assumption  that  hypogseic  tetra- 
bromide  is  soluble  in  petroleum  ether ;  it  may  also  be  explained  by 
Rollet's  theory  (cp.  Vol.  I.  p.  198). 

The  true  acetyl  value  of  a  sample  of  arachis  oil  of  the  acid  value 
2-17  was  9-02  to  9-09  {Lewkowitsch).  The  "  cold-drawn  "  oils  contain 
only  small  amounts  of  free  fatty  acids  ;  in  commercial  oils  it  is  somewhat 
higher.    In  the  following  table  I  collate  a  number  of  observations  : — 


No. 

Description  of  Oil. 

Number  of 
Samples. 

Free  Fatty  Acids,  in  terms 
of  Oleic  Acid. 

Observer.  1 

Per  cent. 

] 

Expressed,  salad  oil 

13 

0-85  to  3-91 

Nbrdlinger 

Expressed,  commercial  oil 

12 

3-58  to  10-61 

a 

Extracted  oil  . 

16 

0-95  to  8-85 

11 

4 

Kefined  oil  . 

1 

0-62 

Thomson and 

Ballantyne 

5 

Commercial  oil 

1 

6-20 

11 

6 

Indiau  oil       .  , 

1 

2-9 

Crossley  and 

Le  Suenr 

7 

1 

4-8 

11 

8 

II              II                 •                '  * 

1 

16 -.5 

II 

9 

IS           II  ... 

1 

13-1 

II 

OUs  No.  4  and  No.  5  contained  0-54  and  0-94  per  cent  of  unsaponifi- 
able  matter  respectively.  Oils  No.  6,  7,  8,  9,  showed  in  a  Lam-ent 
polarimeter,  in  a  200  mm.  tube  the  rotations  -  0°7',  +  0°24',  ±  0°0', 
and  -0°7'  respectively;  the  optical  activity  cannot,  therefore,  be 
caused  by  the  glycerides  themselves. 

1  Liebig's  AnnaL,  244,  253  ;  BericlUe,  1888,  878. 
2  Monalsh.  f.  Chem.  10,  242. 
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AracMs  oil  can  be  identified  and  detected  with  certainty  by  the 
isolation  of  "  aracbidic  acid,"  wbicb  represents  a  mixture  of  aracbidic 
and  lignoceric  acids,  and  will  be  termed  bere  "  crude  aracbidic  acid." 

Tbe  metbod  originally  proposed  by  Renard  ^  is  carried  out  in  tbe 
following  manner  : — Saponify  10  grms.  of  tbe  oil,  separate  tbe  fatty  acids 
from  tbe  soap  solution  by  bydrocbloric  acid,  dissolve  tbem  in  90  per 
cent  alcobol,  and  add  a  solution  of  lead  acetate.  Tbe  author  shortens 
tbe  process  by  neutralising  the  excess  of  alkali  with  acetic  acid,  using 
pbenolpbtbalein  as  an  indicator,  and  precipitating  with  lead  acetate 
without  previously  isolating  tbe  fatty  acids. ^  Filter  ofi  the  precipitated 
lead  salts,  and  separate  tbe  lead  salts  of  tbe  unsaturated  acids  from 
those  of  the  saturated  fatty  acids  (as  described  Vol.  I.  p.  545).  Decom- 
pose tbe  latter  with  bydrocbloric  acid  under  ether,  separate  tbe  ethereal 
layer  of  the  fatty  acids  and  distil  off  tbe  ether.  Next  dissolve  tbe 
residue  in  50  c.c.  of  hot  90  per  cent  (by  volume)  alcohol.  On  cooling 
the  alcoholic  solution  "  crude  aracbidic  acid "  separates  out  in  a 
crystalline  form.  Filter  tbe  crystals  off  and  wash  on  tbe  filter,  first 
with  a  measured  quantity  of  90  per  cent,  then  with  70  per  cent  (by 
volume)  alcobol  (which  dissolves  but  small  quantities),  and  finally 
pour  boiling  absolute  alcobol  on  tbe  filter,  receiving  tbe  filtrate  in  a 
porcelain  dish  or  in  a  flask.  Evaporate  to  dryness  and  weigh  tbe 
residue.  Add  to  the  weight  of  crude  aracbidic  acid  thus  found  tbe 
quantity  dissolved  by  tbe  90  per  cent  alcobol,  taking  as  basis  for  calcula- 
tion that  100  c.c.  dissolve  0-022  gi-m.  at  15°  C,  or  0-045  grm.  at  20°  C. 
Finally  determine  the  melting  point  of  tbe  crude  aracbidic  acid  ;  it 
should  be  fi-om  71°  to  72°  C.  Renard  isolated  4-5  to  5-0  per  cent, 
Allen  5-5,  and  De  Negri  and  Fabris  4-37  to  4-80  per  cent  of  "  aracbidic 
acid  "  from  samples  of  genuine  arachis  oil.  Hence  the  amount  of  acid 
found  represents  approximately  of  the  arachis  oil.  By  multiplying 
the  weight  of  tbe  crude  aracbidic  acid  found  in  a  sample  by  20  tbe 
amount  of  arachis  oil  actually  present  is  derived.  Bellier  ^  proposes 
the  factor  23-81. 

Be  Negri  and  Fabris  *  obtained  the  following  numbers  from  mixtures 
of  olive  oil  and  arachis  oil. 

'  Compt.  rend.,  1871  (73),  1330. 

Kreis  (Journ.  Soc.  Chem.  Ind.,  1895,  688)  suggests  the  use  of  au  alcoholic  solution 
of  lead  acetate. 

Ann.  chijn.  anal.  appL,  1899  [4],  4. 
■'  AnnaZi  del  Laboratorio  Chimico  delle  Gabelle,  1891-92,  123. 


[Table 


XIV 


ARACHIS  OIL 


311 


ArachiB 

Sample 

contaiuiDg 

Crude  Arachidio  Acid  found. 

Oil 

Ibund. 

OlivB  Oil. 

Arachis  Oil. 

Weighed  as  Crystals. 

Calculated  as  dissolved. 

Total. 

Per  cent. 

Ptr  cent. 

Per  cent. 

Grms. 

Grras. 

Grms. 

70 

30 

0-107 

0-0315 

A.I  OQK 

80 

20 

0-0605 

0-0315 

U  U92U 

85 

15 

0-0385 

0  0315 

0-070 

14-00 

90 

10 

0-0200 

0-0315 

0-0515 

10-30 

90 

10 

traces 

90 

10 

0-0280 

0-0154 

0-0434 

9-54 

90 

10 

traces 

It  will  thus  be  seen  that  by  using  10  grms.  of  a  suspected  olive  oil, 
the  limit  of  accuracy  is  reached  if  it  contain  only  10  per  cent  of  arachis 
oil.  Therefore  from  20  to  40  grms.  of  a  sample  should  be  employed  ; 
the  proportions  of  90  per  cent  alcohol  must  then  be  doubled  or 
quadrupled. 

Tortelli  and  Ruggeri,^  in  an  exhaustive  examination  of  Renard's 
method,  found  that  the  solubilities  in  90  per  cent  alcohol  given  by 
Renard  are  too  low.  Their  method  leads  to  a  crude  arachidic  acid 
(see  below)  melting  from  74-75-5°  C.  ;  for  this  acid  the  following  solu- 
bilities were  ascertained  : — 


100  C.C.  of  90  per  cent  Alcohol  dissolve  Crude  Acid  of  M.F.  74°-75-5°  C. 


Amount  of 
Acid  taken. 

Melting 
Point. 

Amount  of  Acid  dissolved 

At  15°  C. 

ir-5°  C. 

20°  C. 

Grms. 

°0. 

Grins. 

Gnns. 

Grms. 

2-7000 

74-3-74-5 

0-0729 

0-0820 

0-0910 

1-5600 

75-1-75-5 

0-0715 

0  0801 

0  0922 

1-2506 

74-8-75-5 

0-0730 

0-0811 

0-0902 

1-0000 

74-3-74  5 

0-0688 

0-0866 

0-0914 

0-9604 

74-0-74-6 

0-0680 

0-0869 

0-0918 

0-5503 

74-0-74-6 

0-0650 

0-0806 

0-0879 

0-5008 

74  0-74-6 

0-0643 

0  0799 

0-0844 

0  3899 

74-4-75  5 

0-0602 

0-0673 

0-0740 

0-2615 

74-75 

0-0539 

0-0610 

0-0680 

0-1690 

74-75 

0  0447 

0-0544 

0  0662 

0-1064 

74-75 

0-0343 

0-0402 

0-0472 

0-0504 

74-7-75-5 

0-0301 

0-0398 

0-0505 

74-2-74-6 

0-0314 

0-0410 

Tlie  amount  of  Crude  Acid 
employed  corresponds  to 


j-More  than  20  grms.  of  arachis  oil 

I  About  20  grms.  of  arachis  oil 

\Mixtures  containing  about  50  per 
/    cent  of  arachis  oil 
/Mixtures  containing  40  per  cent 
(    of  arachis  oil 

f  Mixtures  containing  27  per  cent 
\    of  arachis  oil 

/  Mixtures  containing  18  per  cent 
\    of  arachis  oil 

TMixtures  containing  11  per  cent 
\    of  arachis  oil 

■\  Mixtures  containing  5  per  cent 
/    of  arachis  oil 


For  practical  purposes  these  numbers  may  be  summarised  as 
follows  : — 


'  Journ.  iSoc,  Chem.  Ind.,  1898,  877. 
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100  c.c.  of  90  per  cent  Alcohol  dissolve  Crude  Acid  of  M.P.  74°-75-5°  o. 


For  Amount  of  Acid. 

At  15°  C. 

n-b'  c. 

20°  C. 

From  2  "7   down  to  0"5  grms. 

0-070 

0-080 

0-090 

„    0-47      „       0-17  „ 

0  050 

0-060 

0-070 

„    0-11      „       0-05  „ 

0  033 

0-040 

0-045 

In  order  to  obtain  crude  aracliidic  acid  of  the  melting  point  74°-75-5°  C. 
Tortelli  and  Ruggeri  modify  the  Renard  test  as  follows  :— The  lead 
salts  of  the  solid  fatty  acids  are  prepared  from  20  grms.  of  oil  as  described 
above,  the  liberated  solid  acids  dissolved  in  100  c.c.  of  90  per  cent  alcohol 
by  warming  on  the  water-bath  to  about  60°  C.  (if  a  slight  tm-bidity  is 
noticed  one  drop  of  very  dilute  hydrochloric  acid  is  added)  and  allowed 
to  stand  for  three  hours  at  15°  to  20°  C.  The  separated  acid  is  thrown 
on  a  filter,  the  filtered  alcoholic  solution  being  used  to  transfer  the 
crystals  completely  on  to  the  filter.  The  crystals  are  washed  three 
times  each  with  10  c.c.  of  90  per  cent  alcohol,  and  then  several  times 
with  70  per  cent  alcohol.  The  crystals  on  the  filter  are  dissolved  in 
boiling  absolute  alcohol,  the  solution  is  received  in  a  flask,  the  alcohol 
distilled  off,  the  residue  dissolved  in  100  c.c.  of  90  per  cent  alcohol 
as  described  already,  and  the  crystals  washed  on  a  filter  with  90  per 
cent  and  70  per  cent  alcohol,  exactly  as  before.  The  washing  with 
70  per  cent  alcohol  is  finished  when  the  wash-alcohol  no  longer  dissolves 
appreciable  quantities.^  Finally  the  crystals  are  dissolved  in  absolute 
alcohol,  and  their  weight  is  determined. 

The  crystals  should  melt  between  74°  and  75-5°  C.  On  observing 
the  alcoholic  solution  of  the  solid  fatty  acids  when  taken  fi'om  the 
water-bath  to  cool,  it  wiU  be  readily  noticed  that  the  crystals  represent 
a  mixture  of  arachidic  and  lignoceric  acids.  At  first  very  fine,  lustrous 
needles  separate  in  tufts — ^lignoceric  acid ;  afterwards  there  appear 
larger  quantities  of  very  thin,  shining  laminae  of  nacreous  lustre — 
arachidic  acid.  The  separation  commences  in  the  case  of  pure  arachis 
oil  at  about  35°  to  38°  C,  the  temperature  of  crystallisation  falling  as 
the  proportion  of  arachis  oil  in  a  given  sample  decreases  (cp.  table 
p.  313).  The  following  table  gives  the  amounts  of  "  arachidic  acid  " 
found  in  some  arachis  oils  by  Tortelli  and  Ruggeri  : — 


E.  Bertilichand  recoiumeiids  to  carry  out  the  wasliiug  operations  with  the  aid  of  a 
vacuum.    Annal.  des falsific,  1910,  57. 


[Table 


ARACHIS  OIL  313 


Crude  Arachidic  Acid  fov/nd  in  Arachis  Oils 


Source  of  OIL 

Crude  Acid. 

Per 

Melting  Point. 
°C. 

5 

•24 

74 -4-74 -7 

,,           extracted  with  ether 

4 

•92 

74-2-74-8 

Ilufisque,  first  expression 

4 

•31 

74 -2-74 -6 

,,       second  expression  . 

4 

•55 

74 -4-75 -2 

GamlDia,  first  expression 

4 

59 

74-5-75 -1 

Commercial,  French  .... 

5 

•33 

74  •1-/4 -4 

,,         Spanish  .... 

5 

40 

74 -3-75  ^4 

For  practical  purposes  4:-8  per  cent  may  be  taken  as  the  mean 
proportion  of  crude  arachidic  acid,  melting  point  74:°-75-5°  C.  in  com- 
mercial arachis  oUs. 

The  following  table,  due  to  Tortelli  and  Ruggeri,  may  serve  as  a 
corollary  to  the  numbers  given  by  De  Negri  and  Fabris  (see  above 
p.  311). 


Sample 
containing 

Temperature  at 
which  crystals 
separate  from  90 
per  cent  Alcohol. 

Weighed  as 
Crystals. 

Dissolved  g" 
(calculated).  ^ 

ohidic  Acid. 
Total. 

M.P. 

of 

Crystals. 

Arachis 

Oil 
found 
(approx.). 

Olive 
Oil. 

Arachis 
Oil. 

90  per  cent 
Alcohol  used. 

Per  cent. 

Per  cent. 

•c. 

CO. 

Grms. 

Grms. 

Grms. 

Per  cent. 

•c. 

Per  cent. 

0 

100 

37-7 

260  at  15°  C. 

0-8894 

0-1768 

1-0662 

6-33 

74  ■1-74-3 

100 

40 

60 

31^8 

150  „  17^5 

0-5231 

0-1200 

0-6431 

3-22 

74-74-6 

60 

50 

50 

29-0 

250  „  75 

0-3931 

0-1500 

0-5431 

2-72 

74-74-6 

60 

liO 

40 

25-5 

280  „  75 

0-2770 

0-1509 

0-4279 

2-14 

74-5-75-1 

40 

70 

30 

23-2 

260  „  75 

0-2056 

0-1300 

0-3356 

1-68 

74-1-74-6 

31 

SO 

20 

21-0 

250  „  75 

0-1260 

0-1150 

0-2410 

1-21 

73-9-74-4 

22 

90 

10 

18-8 

220  „  15 

0-0514 

0-0682 

0-1196 

0-60 

72-2-74-6 

11 

95 

5 

16'7 

150  „  15 

0-0241 

0-0434 

0  0675 

0-34 

73-73-5 

0-7 

Archhutl,^  confirming  Tortelli  and  Ruggeri's  figures,  computes  the 
following  corrections : — 


1  Journ.  Soc.  Chem.  Ind.,  1898,  1124. 
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Correciion  per  100  ex.  of  90  per  cent  Alcohol  used  for  Crystallisation 

and  Washing 


For  Weights  nf  Fatty 
Acids  obtained  by 
Renard's  Process. 

Grras.  at 

15°  C. 

17-5°  C. 



20°  C. 

O'l  or  less 

+  0-033 

+  0-039 

+  0-046 

0-2  „ 

0-048 

0-056 

0-064 

0-3  „ 

0-055 

0-064 

0-074 

0-4  „ 

0-061 

0-070 

0-080 

0-5  „ 

0-064 

0-075 

0-085 

0-6  „ 

0-067 

0-077 

0-088 

0-7  ,, 

0-069 

0-079 

0-090 

0-8     „        .  . 

0-070 

0-080 

0-091 

0'9  and  upwards  . 

0-071 

0-081 

0-091 

Archhutt  recommends  the  following  modification  of  Renard's  process  : 
— Dissolve  tHe  fatty  acids  obtained  from  10  grms.  of  oil  [by  decomposing 
the  saponified  mass  with  hydrochloric  acid  under  ether  and  evaporating 
off  the  solvent]  in  50  c.c.  of  90  per  cent  alcohol ;  add  to  the  solution, 
which  must  not  be  allowed  to  cool  below  38°  (to  prevent  separation  of 
crystals)  5  c.c.  of  a  20  per  cent  aqueous  solution  of  lead  acetate,  cool 
to  about  15°  C,  agitate,  allow  to  stand  for  half  an  hour,  filter  and  wash 
once  with  ether.  Keturn  the  soaps  into  the  flask  with  the  aid  of  ether, 
digest  with  ether  and  repeat  this  operation  three  times  ;  lead  oleate  is 
thus  dissolved  out  entirely.  Transfer  the  solid  soap  with  the  aid  of 
ether  into  a  separating  funnel,  decompose  with  hydrochloric  acid  and 
wash  the  ethereal  layer  until  free  from  mineral  acid.  Distil  off  the 
ether,  dry  the  fatty  acids  in  a  water  oven,  and  pour  into  the  flask  50  c.c. 
of  alcohol  of  exactly  90  per  cent  (spec.  grav.  0-8340).  Dissolve  the 
fatty  acids  by  warming  the  (corked)  flask,  allow  to  cool  to  either  15°  C. 
or  20°  C,  collect  the  crystals  on  a  small  filter  (or  preferably  on  a  Gooch 
crucible),  and  wash  three  times  with  10  c.c.  of  90  per  cent  alcohol, 
each  time  at  the  same  fixed  temperature.  The  filtrate  and  washings  are 
measured  ;  the  necessary  corrections  are  found  ia  the  table  given  above. 

The  crystals  are  thoroughly  washed  with  70  per  cent  alcohol,  in 
which  the  crude  arachidic  acid  is  quite  insoluble,  until  the  washings 
remain  clear  on  adding  water.  It  is  not  necessary,  although  advisable, 
to  redissolve  the  acids  in  50  c.c.  of  90  per  cent  alcohol  and  repeat  the 
operations  just  described.  The  crystals  are  dissolved  in  boiling  ether 
and  weighed  after  drying  at  100°  C.  The  correction  is  then  added  to 
the  weight.  The  melting  point  (capillary  tube  method)  of  the  mixed 
arachidic  and  lignoceric  acids  so  isolated  varied  from  71°  to  72-5°  C, 
but  even  when  working  in  exact  accordance  with  Tortelli  and  Ruggeri's 
directions  crystals  melting  at  74°-75°  C.  could  not  be  obtained  by 
Archhutt,  his  highest  figure  being  73-3°  C.  [It  may  be  added  that  after 
recrystallising  the  acids  repeatedly  from  90  per  cent  alcohol  the  melting 
point  was  raised  to  79-6°  C] 

The  following  table  shows  in  greater  completeness  the  results 
obtained  by  Archhutt  with  one  and  the  same  sample  of  arachis  oil :— 
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GLYCERIDES  NON-DRYING  OILS  chap. 

The  accuracy  attainable  in  practical  cases  is  shown  by  the  following 
table  :—  ■  J  ^ 


Results  of  Analysis  of  Mixtures  of  Olive  Oil  and  Arachis  Oil 


Coraposition  of 
Oil  taken. 

Volume  of 
90  per  cent 
Alcohol. 

Temperature. 

Solubility 
Coefficient. 

Crude  Arachidio  Acid. 

Arachis 

Oil 
found. 

Olive 
Oil. 

Arachis 
Oil. 

Dissolved 

in  the 
Alcohol. 

Weighed. 

Total. 

Per  cent. 

Melting 
Point. 

Per 

Per 

cent. 

cent. 

•c. 

Ppr  PRTit 

rSO  c.c. 

100 

\  15° 

1 

0-0500 

0-4480 

0-4980 

4-98 

71 

(.0'0625 

f^l^-l 

90 

10 

0-0241 

0-0265 

0-0506 

0-506 

71 

10-2 

1  0-033 

f  73  c.c.  ■ 

80 

20 

4  15° 

0-0241 

0-0715 

0-0956 

0-956 

71 

19-2 

[  0-038 

Tortelli  and  Ruggeri  ■'■  maintain,  however,  that  their  modification 
is  less  cumbersome  and  leads  to  more  correct  results  than  the  one 
suggested  by  Archbutt. 

The  importance  of  the  detection  of  arachis  oil  in  oHve  oil  has  led 
to  a  renewed  study  of  the  quantitative  methods  (in  Archbutt' s  labora- 
tory) by  N.  Evers,^  who  recommends  the  following  working  process, 
the  details  of  which  must  be  observed  most  minutely  in  order  to  obtain 
reliable  results  : — 5  grms.  of  the  sample  of  oil  are  saponified  by  boiling 
for  about  five  minutes  under  a  reflux  condenser  with  25  c.c.  of  alcoholic 
potash  (80  grms.  of  potassium  hydrate,  pure  from  alcohol,  dissolved  in 
80  c.c.  of  water,  and  made  up  to  1000  c.c.  with  90  per  cent  [by  volume] 
alcohol).  To  the  hot  soap  solution  are  added  7-5  c.c.  of  acetic  acid 
prepared  by  mixing  one  volume  of  glacial  acetic  acid  with  two  volumes 
of  water,  and  100  c.c.  of  70  per  cent  (by  volume)  alcohol  containing 
one  per  cent  (by  volume)  of  hydrochloric  acid.  The  solution  is  cooled 
to  12°-14°  C.  for  one  hour.  The  separated  crystals  are  filtered  and 
washed  with  70  per  cent  (by  volume)  alcohol  containing  one  per  cent 
of  hydrochloric  acid  at  17°-19°  C,  the  precipitate  is  broken  up  occasion- 
ally by  means  of  a  looped  platinum  wire,  and  washed  until  the  filtrate 
gives  no  turbidity  with  water.  The  wash-waters  are  measured.  The 
precipitate  is  dissolved,  according  to  its  bulk,  in  25  to  70  c.c.  of  hot 
90  per  cent  (by  volume)  alcohol,  and  cooled  to  a  fixed  temperature 
between  15°  and  20°  C.  The  solution  is  allowed  to  stand  at  the  fiLxed 
temperature  for  from  one  to  three  hours.  The  crystals  are  filtered  oft', 
washed  with  a  measured  volume  of  90  per  cent  (by  volume)  alcohol 
(about  half  the  volume  used  for  crystallisation)  and  finally  with  50  c.c. 

1  Monileur  ScieiUif.,  1902  [4],  215  ;  cp.  alsoPerrin,  Moniteur  fciciitif.,1901  [4],  320. 

2  Analyst,  1912,  487. 
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of  70  per  cent  alcohol.  They  are  rinsed  with  warm  ether  into  a 
weighed  flask,  the  ether  is  distilled  ofi,  and  the  residue  dried  at  100°  C. 
and"  weighed.  If  the  melting  point  is  lower  than  71°  C,  the  acid  is  re- 
crystallised  from  90  per  cent  (by  volume)  alcohol.  The  correction  for 
the  solubility  in  90  per  cent  alcohol  is  added  exactly  as  in  Renard's 
process,  as  also  the  correction  for  the  total  volume  of  70  per  cent 
alcohol  used  in  precipitating  and  washing. 

The  correction  required  for  the  70  per  cent  alcohol  (which  is  ignored 
in  Renard's  original  process)  is  taken  from  the  following  table  due  to 
Evers  : — 


Weight  of  Acids 
(corrected  for  90  per  cent  Alcohol). 

Correction  per  100  c.c,  70  per  cent  Alcohol. 

Melting  Point 
71°  C. 

Melting  Point 
72°  C. 

Melting  Point 
73°  C. 

Grms. 

Grms. 

Grms. 

Above        0-10  grms. 

0013 

0-008 

0-006 

0-08-0-10    „  ... 

0-011 

0-007 

0-006 

0-05-0-08    „  ... 

0-009 

0-007 

0-005 

0-02-0-05    „  ... 

0-007 

0-006 

0-005 

Less  than  0-02      ,,  ... 

0-006 

0-005 

0-004 

Factor  for  conversion  of  percentage 

22 

of  fatty  acids  to  arachis  oil  . 

17 

20 

In  the  case  of  those  oil  mixtures  containing .  arachis  oil,  which 
yield  no  crystals  from  90  per  cent  or  a  very  small  amount  only,  a  sufii- 
cient  quantity  of  water  is  added  to  reduce  the  strength  of  alcohol  to 
70  per  cent  (31  c.c.  of  water  per  100  c.c.  of  90  per  cent  alcohol).  The 
crystallisation  is  allowed  to  take  place  at  17°-19°  C.  for  one  hour  ;  the 
crystals  are  washed,  and  the  correction  for  70  per  cent  alcohol  is  added. 
Should  the  melting  point  of  crude  arachidic  acid  be  below  71°  C,  then 
it  is  recrystallised  from  a  small  quantity  of  90  per  cent  alcohol,  or  from 
70  per  cent  alcohol.  In  the  following  table  due  to  Ev&is,  the  results 
obtainable  by  this  method  are  set  out : — 
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Oil. 

Alcohol 
used  for 
crystal- 
lisation. 

Wpicrhf 
vy  ci^iib 

of 

Crystals. 

Correc- 

90  per 
cent 
Alcohol. 

Correc- 
tion for 
70  per 
cent 
Alcohol. 

Total. 

Per 
cent. 

Meltmg 
Point 
°C. 

Per 
cent  of 
Arachis 
OU  by 
Factor 

Percent 

Arachis  (A)  . 

Arachis  (B) 

Arachis  (C) 
Arachis  (D) 
Arachis  (A),  50%  . 
Olive  "  Nice,"  50% 

Arachis  (A),  35%  . 
Olive  "  Nice,"  65% 

Arachis  (A),  20%  . 
OHve  "  Nice,"  80% 

/90 
(70 

r9o 

\70 
90 
90 
90 
70 
f90 
\  90 
(70 
90 
70 

0-160 
0-218 
0-163 
0-233 
0-162 
0-194 
0-066 
0-090 
0-045 
0-029 
0-059 
0-024 
0-030 

0040 

0-045 

0-054 
0033 
0-032 

0-020 

0-040 

0-012 

0-027 
0065 
0-032 
0-068 
0-034 
0-028 
0-022 
0-055 
0-029 

0-090 

0-040 
0-019 
0-024 

0-227 
0-283 
0-240 
0-301 
0-240 
0-255 
0-110 
0-145 
0-094 

0-099 
0-055 
0-054 

4-  64 

5-  66 
4-80 

6-  02 
4-80 
6-10 
2-20 
2-90 
1-88 

I/O 

1-98 
MO 
1-08 

73 
71 
72 
71 
72 
72 
73 
71 
71 
79.?; 

71 
71 
71 

100 
96 
96 

102 
96 

102 
48 
49 
32 

^7 
o  i 

34 
19 
18 

Arachis  (C),  20%  . 
Olive  "  Malaga,"  80%  . 

90 
70 

0-012 
0-021 

0-020 

0-015 
0-027 

0-047 
0-048 

0-94 
0-96 

72 
71 

19 
16 

Arachis  (A),  10%  . 
OUve  "  Nice,"  90% 

90 
70 

0-009  1 
0-008 

0-008 

0-008 
0-0152 

0-025 
0-023 

0-50 
0-46 

73 
70 

11 

8 

Arachis  (B),  10%  . 
OUve  "  Nice,"  90% 

90 
70 

0 

0-012 

o-ois 

0-030 

0 
0-60 

7i 

Vo 

Arachis  (C),  10%  . 
OUve  "  Malaga,"  90%  . 

90 
70 

0 

0-011 

o-bie 

0-027 

0 
0-54 

7i 

9 

Arachis  (A),  5%  . 
Olive  "  Nice,"  95% 

Sesame  .... 

Cotton  seed 

OUve  "  saponified  " 

|70 

/90 
170 
/90 
1  70 
/90 
\70 

0-007 
0 

0-012 
0 

0-006 
0-014 
0-021 

0-012 

0-019 

0-38 

0 
0-24 

0 
0-12 
0-28 
0-42 

64 

60-56 
64-67 
64-68 

6-5 

For  Tolman's  modification  of  Renard's  test  as  applied  to  solid 
fats  containing  cotton  seed  oil  the  reader  must  be  referred  to  the  original 
paper.^ 

The  determination  of  the  crude  arachidic  acid  is  of  the  greatest 
importance  in  the  examination  of  olive  oUs  suspected  of  being  adulter- 
ated with  arachis  oil,  for  the  latter  so  closely  resembles  olive  oil  in  its 
characteristics  that  judiciously  prepared  mixtures  cannot  be  detected 
with  certainty  by  means  of  the  usual  quantitative  reactions.  For 
although,  as  a  rule,  arachis  oil  has  a  higher  iodine  value  than  olive 
oil,  there  are,  in  commerce,  arachis  oUs  the  iodine  values  of  which 
approach  closely  those  of  olive  oils  having  exceptionally  high  iodine 
values.  The  quantity  of  arachidic  acid  naturally  occurring  in  olive 
oil  is  too  small  to  invalidate  the  correctness  of  Renard's  method.  Nor 
would  an  admixture  of  rape  oil  seriously  interfere  with  the  information 

'  This  result  was  obtained  by  recrystallisiiig  the  fatty  acids  obtained  from  70  per 
cent  alcohol,  from  10  c.o.  of  90  jier  cent  alcohol. 

-  In  these  cases  the  correction  has  been  added  for  melting  point  71°  C. 
*  Cp.  W.  B.  Smith,  Jourii.  Amer.  Chem.  Soc,  1907  [29],  1756. 
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furnished  by  RenanVs  test,  as  special  experiments,  made  in  the  author's 
laboratory,  have  shown.  These  experiments  have  been  confirmed  by 
Archbutt's  determination  of  arachidic  acid  in  rape  oil  (see  also  below 
p.  363,  under  "  Olive  Oil  "). 

Since  the  adulteration  of  olive  oil  with  arachis  oil  has  become  of 
frequent  occm-rence  (especially  in  those  years  when  olive  oil  was  high 
in  price),  the  somewhat  lengthy  quantitative  determination  of  arachidic 
acid  has  led  to  proposals  to  detect  it  qualitatively.  Such  tests  (which 
are  in  truth  nothing  else  than  abbreviations  of  the  quantitative  method 
detailed  above)  were  suggested  by  J.  Bellier,^  and  modified  by  Mans- 
feld,^  Alcler,^  and  Franz^ 

N.  Evers  ^  has  tested  these  modifications  and  found  them  satisfactory. 
The  qualitative  test  is  carried  out  as  follows  : — 1  c.c.  of  oil  measured 
off  accm-ately  is  saponified  with  5  c.c.  of  alcoholic  potash  prepared 
from  80  grms.  of  potassium  hydrate,  pure  from  alcohol,  dissolved  in 
80  c.c.  of  water  and  made  up  to  1000  c.c.  with  a  90  per  cent  (by  volume) 
alcoholic  solution,  and  saponified  over  a  boiling  water  bath  for  exactly 
four  minutes  in  a  100  c.c.  flask  fitted  with  a  condensing  tube.  Loss  of 
alcohol  by  evaporation  is  thereby  avoided.  The  solution  is  cooled 
down  to  about  15°  C.  and  exactly  1-5  c.c.  of  a  dilute  acetic  acid  (pre- 
pared from  one  volume  of  glacial  acetic  acid  and  two  volumes  of  water) 
as  also  50  c.c  of  a  70  per  cent  (by  volume)  alcohol  are  added  and  shaken 
until  the  solution  has  become  clear.  In  case  the  solution  is  turbid 
(which  is  due  to  a  somewhat  high  proportion  of  arachis  oil),  the  liquid 
is  warmed  until  the  turbidity  has  disappeared.  The  solution  is  then 
immersed  in  cold  water,  whilst  being  shaken,  until  the  temperature 
is  exactly  16°  C.  It  is  shaken  at  16°  C.  for  five  minutes,  and  in  case  no 
distinct  turbidity  should  have  appeared,  the  temperature  is  lowered  to 
15-5°  C.  ;  the  same  operation  is  repeated  and  again  five  minutes  allowed 
to  elapse. 

Evers  confirms  Bellier's  statement  that  a  distinct  turbidity  is 
produced  by  5  per  cent  of  arachis  oil  in  the  sample.  The  author  would 
deprecate  this  qualitative  test,  as  in  the  present  state  of  om-  knowledge 
tests  of  this  kind  cannot  be  pronounced  to  be  rehable.  Thus  Archbutt  ^ 
found  that  certain  neutralised  "  residuum  olive  oils  "  gave  a  precipitate, 
perhaps  owing  to  a  certain  amount  of  unsaponifiable  matter,  of  which 
these  particular  oils  contain  a  considerable  amoimt,  separating  out. 
At  any  rate,  far  too  few  observations  have  been  made  to  justify  the 
non-application  of  qualitative  tests. 

By  catalytic  reduction  arachis  oil  is  converted  into  a  hard  fat,  the 
iodine  value  and  consistence  of  which  depend  on  the  length  of  time 
employed  in  the  reduction.    By  the  catalytic  reduction  of  the  mixed 

'  Ann.  Chim.  anal.,  1899  (4),  4  ;  cp.  al.so  Guiiniieri,  Stas.  sperim.  ai/rar.  ital. 
(42),  408. 

-  Zeils.  f.  (Inters,  cl.  Nalvrgs-  u.  Oenussm.,  1905  (17),  57. 

^  Ihid.,  1912  (24),  676  ;  cp.  al.so  H.  Ltiers,  Zc-ils.  f.  Unlers.  d.  Nahrgs- u.  Oenussm., 
1912  (24).  683. 

*  Beitrllge  z.  Nachwds  n.  z.  Kennlniss  d.  JirdnussiSles,  Dissert.,  Miinolieii,  1910. 

Analyst,  1912,  487. 
"  .fourn.  Soc.  Chem.  hid.,  1911,  5. 
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fatty  acids,  oleic  and  linolic  acids  are  reduced  to  stearic  acids,  and 
hypogsBic  acid  to  palmitic  acid.  Thus  an  indirect  method  of  examining 
arachis  oH  would  be  given  by  reducing  catalyticaUy  the  mixed  fatty 
acids  when  stearic  and  arachidic  acids  can  be  separated  ofE  completely, 
whilst  palmitic  acid  would  remain  in  the  stearic  acid  solution. 

If  this  appears  too  complicated,  the-  solid  acids  may  be  separated 
from  the  Hquid  acids  by  the  lead-salt-ether  method,  when  the  liquid 
fatty  acids  can  be  reduced  catalyticaUy  to  stearic  and  palmitic  acids, 
which  may  then  be  separated  by  the  method  given  under  stearic  acid 
in  Vol.  I.  p.  557. 

H.  Kreis  and  E.  Roth^  have  especially  shown  (although  it  was 
obvious)  that  the  arachidic  acid  can  be  determined  in  "hardened" 
arachis  oil  in  the  same  manner  as  is  done  in  ordinary  arachis  oil. 

Bomer^  fractionated  a  hydrogenised  (hardened)  arachis  oil  by 
crystallisation  from  ether,  and  obtained  after  nineteen  recrystallisations 
2-3  per  cent  of  a  glyceride  melting  at  68-1°  C.  The  fatty  acid  obtained 
from  the  nineteenth  fraction  melted  at  68-6°  C.  Bomer  suggests  that 
the  glyceride  so  obtained  represents  tristearin.  In  view  of  the  remarks 
made  by  the  author  Vol.  I.  p.  559,  the  absence  of  arachidic  acid  must 
be  proved  before  this  conclusion  can  be  accepted. 

Arachis  oil  is  not  infrequently  adulterated  with  poppy  seed,  sesame, 
cotton  seed,  and  rape  oUs. 

Pojipij  seed  oil  is  indicated  by  a  high  iodine  value  and  high  specific 
gravity  of  the  sample. 

Sesame  oil  is  recognised  by  the  furfural  reaction.  It  has  been 
pointed  out  above  (p.  221)  that  a  faint  Baudouin  colour  reaction  does 
not  necessarily  indicate  adulteration.  As  arachis  oil  is  mostly  pressed 
in  the  same  works  where  sesame  oil  is  expressed,  slight  colouration  may 
be  expected.^  In  doubtful  cases  it  is  advisable  to  determine  the  iodine 
value  of  the  oil,  as  also  of  its  liquid  fatty  acids,  the  solidifying  point  of 
the  insoluble  fatty  acids,  and  in  important  cases  the  proportion  of 
arachidic  acid. 

Cotton  seed  oil  is  detected  by  the  same  quantitative  reactions  ;  the 
colour  reactions  described  above  (p.  203)  serve  as  confirmatory  tests. 

Rape  oil  is  revealed  by  a  lower  saponification  value  of  the  oil  than 
the  normal  one,  by  low  solidifying  and  melting  points  of  the  mixed 
fatty  acids,  and  by  the  isolation  of  behenic  acid  (cp.  Vol.  I.  p.  553). 

Nitrobenzene,  used  as  an  adulterant  in  Porto  Rico,  is  determined 
by  shaking  the  oil  with  zinc  dust  and  hydrochloric  acid,  and  removing 
the  aniline  formed  by  washing  out  with  water.* 

Very  large  quantities  of  arachis  oil  are  expressed  in  the  South  of 
France  ;  considerable  quantities  are  also  prepared  in  Valencia  (Spain), 
in  Trieste,  and  in  Holland.  In  this  country  as  yet  no  arachis  oil  is 
made.  It  has  been  pointed  out  already  that  the  oUs  of  fiarst  expression 
are  used  as  salad  oUs.    They  are  largely  employed  for  adulterating,  or 

^  Zeits.  f.  Unters.  d.  Nahrgs-  u.  Oenussm.,  1913,  81. 
2  Chem.  Revue,  1912,  247. 

■■'  Cp.  L.  Devlin,  Chem.  Zentralhl.,  1910  (I.),  1812. 
■*  Lucas,  Jnurn.  hid.  and  Eng.  Chem.,  1913,  576. 
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even  wliollj  substituting,  olive  oils,  also  for  blending  witb  olive  oil ; 
tlius  tbe  Valencia  oU  is  specially  known  to  be  mixed  with  Andalusian 
olive  oil,  in  order  to  neutralise  the  harsh  flavour  of  the  latter.  Edible 
arachis  oil  is  also  used  for  preserving  sardines.  The  oils  of  the  second 
and  third  expressions  are  chiefly  used  in  soapmaHng  in  the  South  of 
Europe.  One  of  the  characteristic  components  of  the  Marseilles 
white  soap  is  arachis  oil ;  it  is  not  used  in  the  manufacture  of  the 
mottled  ("  marbled  ")  Marseilles  soap. 


EICE  OIL  ^ 

French — Huile  de  riz.  German — Reisol.  Italian — Olio  di  riso. 
For  tables  of  characteristics  see  p.  322. 

This  oil,  as  obtained  in  this  country  from  Rangoon  rice  meal  (from 
Oryza  sativa,  L.)  by  hydraulic  pressure,^  has  a  dirty  greenish  colour. 
Rangoon  rice  meal  contains  about  15  per  cent  of  oil,  common  rice  meal 
only  8-9  per  cent. 

Oil  from  fresh  rice  bran  is  practically  neutral ;  on  standing,  the 
proportion  of  free  fatty  acids  very  rapidly  increases  owing  to  the  action 
of  an  enzyme  {Browne  ^). 

The  occurrence  of  an  enzyme  in  rice  bran  was  demonstrated  by 
Browne,  by  mixing  20  c.c.  of  a  20  per  cent  cold  aqueous  extract  of  rice 
bran  with  an  equal  volume  of  castor  oil.  After  twenty-four  hours  the 
emulsion  became  acid,  and  after  one  week  the  proportion  of  free  fatty 
acids  had  risen  to  16  per  cent.  It  appears  to  the  author  likely  that 
the  action  of  the  lipase  had  been  arrested  in  this  experiment,  as  Browne 
had  rendered  the  mixture  faintly  alkaline  to  litmus.  Further  proof 
of  the  view  that  the  production  of  free  fatty  acids  is  due  to  an  enzyme 
is  given  by  an  experiment,  in  which  freshly  ground  rice  bran  was 
divided  into  two  portions,  one  of  which  was  heated  to  100°  C.  to  destroy 
the  enzyme.*  After  one  month  the  oil  was  extracted  from  both  samples. 
The  results  of  this  experiment  are  reproduced  in  the  following  table  : — 

Pree  Acid  as 
Oleic  Acid. 
Per  cent. 

Raw  ricG  (stored  many  months)  .  .  .  6-9 
Fresh  bran  (six  hours  after  grinding)  .  .  .  12-5 
Bran,  one  month  old,  unheated  .         .         .  62-2 

„  „  heated    .         .         .         .  24-0 

According  to  Tsujimolo  ^  the  fatty  acids  consist  of  : — palmitic  acid 
20  per  cent,  oleic'  acid  45  per  cent,  linolic  acid  35  per  cent. 

An  attempt  to  put  the  oU  obtained  from  rice  bran  to  commercial 
use  was  made  some  years  ago  in  Louisiana.^    The  industry  disappeared, 

.  ^  Smethnni,  ./nur7i.  Soc.  Chcm.  Ind.,  1893,  848. 

^  Cp.  French  patent  41,^,226  (Socii'ti;  Hercules  et  Cio). 

'  Journ.  Soc.  Chcm.  hid.,  1903,  1137. 

■'  Cp.  also  J.  SliiinanzDno,  Arch.  ^cperivmU.  Pathol,  u.  Pharmakol.,  1911  (65),  361. 

°  Chem.  Revue,  1911,  112. 

"  Cp.  "Rice  Oil  Industry,  Louisiana,"  Zeitschr.  f.  a7igeio.  Chem.,  1905,  1239. 
VOL.  II  Y 
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However,  after  a  sliort  time,  no  doubt  owing  to  tlie  comparatively  low 
prices  for  oils  and  fats  which  ruled  immediately  after  the  venture  had 
been  set  on  foot.  The  recent  rise  in  prices  revived  the  commercial 
attempts  to  extract  the  oil  in  Italy  and,  in  this  country,  Hull.  An 
outlet  for  the  oil  is  being  sought  in  the  soap  industry. 


Physical  and  Chemical  Characteristics  of  Rice  Oil 


Specific  Gravity. 

Solidil'ying 
Point. 
°C. 

Saponi- 
(i  cation 
Value. 

Iodine 
Value. 

Mannienfi 
Tost. 
'C. 

Eefractive 

Observer. 

AfC. 

Mgrms. 
KOH. 

Per 
cent. 

Butyro- 
refractometer. 
"Degrees." 
At  25°  C. 

99 
(water 
99  =  1) 
.  15 

0-8907 
0-923 

2-1 

193-2 
193-5 

96-4 
91-65 

106-5 
107 

66-7 

68-2 

Smetliam 
Browne 

Fabris  > 

and 
Settimj 
Tsujimoto 

'Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble 
Acids  + 
Unsaponi- 

fiable. 
Per  cent. 

Solidify- 
ing 
Point. 
"C. 

1 

Melting  Point. 
°C. 

Mean  Molecular 
Weight. 

Observer. 

Iodine  Value. 

Per 
cent. 

Observer. 

95-6 

28-29 

36 
31-32 

289-3 

Browne 
F.  and  S. 

97-4 
109 

Twitcliell- 
F.  and  8.=" 

AEGAN  OIL,  MOROCCAN  OLIVE  OIL 

French — Euile  d'Argan.  German — Arganbl,  Marohhanisches 

OUvendl. 

Argan  oil  *  is  prepared  in  considerable  quantities  in  Morocco  from 
the  fruits  of  Arganum  sideroxylon,  a  tree  growing  in  the  south-west  of 
Morocco.  The  fruit  is  the  size  of  a  small  walnut,  and  yields  an  oil 
of  a  golden  yellow  colour,  which  simidates  in  odour  and  taste  arachis 
oil.  The  oil  serves  the  natives  as  an  edible  oil  in  preference  to  the 
home-grown  olive  oil ;  it  is  also  used  as  a  burning  oil.  The  export  of 
this  oil  had,  up  tUl  recently,  been  forbidden  by  the  sultans  of  Morocco. 
Specimens  previously  obtained  in  Europe  were  sold  as  Morocco  olive 
oil,  and  were  considered  to  represent  true  olive  oil. 

1  The  oil  was  extracted  from  Italian  rice  germs,  and  gave  30  per  cent  of  solid  and 
70  per  cent  of  liquid  fatty  acids.  ■ ,   ,  ,,n  ^ 

2  Private  communication.  ^  Iodine  value  of  liquid  fatty  acids  130-/. 
Les  V&jUaux  utiles  de  I'Afrigue  Trojgiaale,  Fmn^dse,  par  Aug.  Clievalier. 
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The  following  characteristics  have  been  determined  by  E.  A. 
Sasserath  :  ^— 


On  shaking  the  oil  with  nitric  acid,  of  the  spec.  grav.  l-i,  a  dark 
crimson  coloiu"  is  developed,  which  persists  for  about  one  hour.  This 
characteristic  colour  reaction  is  stated  to  allow  the  differentiation  of 
argan  oil  from  olive  oil  (in  addition  to  the  information  furnished  by  the 
iodine  value). 


French — Hitile  de  the  ;  huile  de  camellia.  German — Theesamenol. 

Italian — Olio  di  the. 

For  tables  of  characteristics  see  p.  325. 

Tea  seed  oil  is  expressed  on  a  large  scale  in  China  from  the  seeds  of 
Thea  sasanqua,^  Nois  (Thunb.),  which  is  specially  cultivated  in  China, 
Tonkin,  and  Assam  for  its  fruits  and  not  for  its  leaves.  The  first 
pressed  oil  serves  there  as  an  edible  oil,^  although  the  proportion  of 
saponin  it  contains  would  render  it  somewhat  unsafe  for  consumption. 
The  oil  obtained  by  extraction  with  solvents  is  perfectly  free  from 
saponin ;  *  the  lower  qualities  are  used  as  buriung  oil  and  for  soap- 
making.  In  commerce  two  varieties,  viz.  Chinese  and  Assam  oil,  are 
obtainable.  Chinese  tea  seed  yields  30-35  per  cent,  Assam  tea  seed 
43-45  per  cent,  of  a  straw  or  amber  colom-ed  oU  closely  resembling  olive 
oil.  Like  the  latter  it  gives  a  hard  elaidin.  The  proportion  of  liquid 
fatty  acids  (by  the  lead-salt-ether  method)  varies  from  88  to  93-2  per 
cent  (Lane). 

The  fatty  oil  from  Camellia  oleifera,  Bot.  Eeg.,  a  plant  largely 
cultivated  in  China  for  the  sake  of  the  pale  bland  oil  prepared  from 
its  seeds — "  Cha-yow  oil " — is  not  used  for  edible  purposes,  but  as  a 
hair  oil  or  a  burning  oil.    Its  specific  gravity  is  0-9175  at  15°  C. 

The  foregoing  resume  of  the  notes  published  in  the  literature  on  tea 
seed  oil  must  be  accepted  with  reserve,  as  the  statements  regarding  the 
origin  of  the  oUs  examined  by  the  various  observers  are  extremely 
indefinite.  To  a  great  extent  they  may  be  considered  as  superseded 
by  the  description  of  the  following  two  oUs :  "  Tsubaki  Oil  "  and 
"  Sasanqua  Oil,"  which,  notwithstanding  their  much  lower  iodine 

'  ZeUs.f.  Unlers.  d.  Nahrgs-  u.  Ocnussm.,  1910,  xx.  749. 
Synonyms  are  :  Canellia  dmpi/em,  Lour.  ;  Thea  oleosa,  liour.  ;  Thea  drupi/cra, 
Pierre;  Camellia  oleifera,  Wall.  A  specimen  of  oil  from  Camellia  driipi/cra.  Lour., 
originating  from  Cocliin  China,  is  stated  by  Pottier  (Les  iVoKveaux  Re.males,  1900,  16, 
121)  to  liave  the  specific  gravity  0'980  (!),  and  to  rotate  tlic  plane  of  polariseil  liglil 
1'8°  to  the  right  in  a  200  mm.  tube. 

^  The  Jesuit  D'Incarvillo  about  1735  meutions  already  the  use  of  this  oil  for  edible 
purposes  in  China. 

Weil,  Arch.  d.  Pharm.  -239,  366, 


Specific  gravity  at  15°  C.  . 
Sajjonificatioii  value 
lodiiie  value 

Insoluble  fatty  acids+unsaponifiablo 


0-988 
192-12 
95-94 


95-6  per  cent 
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values,  are  described  liere  on  account  of  their  near  relationsliip  to  tlie 
commercial  tea  seed  oils  mentioned  a,bove. 

The  seeds  of  the  ordinary  tea  iphnir-Thea  sinensis,  Sims.  =  Camellia 
theifera— contain  a  fatty  oil,  but  since  in  the  cultivation  for  its  tea 
leaves  the  development  of  the  seed  is  mostly  suppressed,  the  oil  has  no 
commercial  importance.  The  seeds  are  round,  and  have  a  diameter 
of  about  1  cm.  Kernels  obtained  from  Tokyo  and  Uji  plants  respec- 
tively, gave  the  following  results  :— Moistm-e,  15-60  per  cent ;  6-46  per 
cent.  Oil,  23-9  per  cent ;  26-23  per  cent.  Ash,  2-6  per  cent ;  2-5  per 
cent.  The  expressed  oil  from  the  Tokyo  seed  was  an  orange  yellow 
liquid  of  somewhat  unpleasant  odour  and  bitter  taste  (acid  value  0-74). 
The  following  characteristics  are  given  by  Tsujimoio  for  Japanese 


oU 


Oil- 

Specific  gravity  at  15°  C. 
Solidifying  point 
Saponificatioa  value 
Iodine  value 
Reichert-Meissl  value 
Refractive  index  at  20°  C. 
Fatty  Acids — 

Insoluble  acids +unsaponifiablc 
Specific  gravity  at  98°  C. 
Melting  point 
Neutralisation  value 
Mean  molecular  weight 
Iodine  value 


95-6  per  cent 
0-8445 
33-5°  C. 
197-6 
283-9 
92-86 

Seeds  from  Upper  Assam  yielded  on  extraction  with  petroleum 
ether  16-1  per  cent  of  an  oil  having  the  following  characteristics 
{Menon  ^)  : — 


0-9178 
- 10°  C. 
191-9 
90-42 

0-  66 

1-  4707 


Oil— 

Specific  gravity,  15/15°  C.           .         .  < 

0-9028 

Saponification  value          .         .         .  . 

189-9 

Reichert-Meissl  value         .         .         .  . 

0-56 

Titration  number  of  insoluble  volatUe  acids 

0-66  c.c. 

Iodine  value           .         .         .         .    •  . 

92-7 

Fatty  Acids — 

Insoluble  fatty  acids+unsaponifiable 

2-6  per  cent 

Insoluble  fatty  acids         .         .         .  . 

93-04  per  cent 

Melting  point          .         .         .         .  . 

38-9°  0. 

Neutralisation  value          .         .         .  . 

199-9 

Mean  molecular  weight      .         .         .  . 

280-5 

Iodine  value           .         .         .         .  . 

94-13 

The  fatty  acids  consisted  of  about  25  per  cent  of  solid  acids  melting 
at  57-8°  C.  and  having  the  neutralisation  value  209-8,  mean  molecular 
weight  2673,  iodine  value  13-84,  and  74-75  per  cent  of  liquid  acids  of 
the  neutralisation  value  191-1,  mean  molecular  weight  293-5,  and 
iodine  value  117-8. 


1  Chem.  Revue,  1908,  224. 
Year-Book  of  Indian  Guild  of  Science  and  TecJmoL,  1912,  144. 
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TSUBAKI  OIL^ 

French — Huile  de  tsubaJci.  Gevma,n—TsubaMdl. 
Italian — Olio  di  tsuhahi. 

This  oil  is  obtained  from  the  seeds  of  Thea  japonica,  Nois  {Camellia 
japonica,  L.),  the  tsubaki  tree  grown  in  Japan  for  ornamental  purposes 
on  account  of  its  beautiful  flowers.  In  certain  parts  of  Japan  it  grows 
wild  in  such  abundance  that  the  seeds  are  worked  up  for  the  preparation 
of  oil,  as  in  the  islands  of  Idzu,  in  the  Shidzuoka  prefectm-e  and  several 
prefectures  of  Kiushiu  (Kumamoto,  Nagasaki,  Oita).  The  fruit  ripens 
in  autumn,  and  the  seeds  fall  to  the  ground.  The  seed  is  2-25  cm.  long  ; 
its  weight  varies  from  1-2  to  3  grms.  A  specimen  from  Oshima  examined 
hy  Tsujimoto  consisted  of  41-5  per  cent  of  husks  and  58-5  per  cent  of 
kernels.  Kernels  fi-om  different  localities  gave  the  following  results  :— 
Moisture,  4:-24-4-93  per  cent ;  oil,  64-3-664  per  cent ;  ash,  1-6-1-75 
per  cent. 

The  seeds  are  dried  by  exposure  to  sunlight,  crushed,  steamed, 
and  pressed  twice  in  the  wooden  wedge  press  ("  tatsugi  ")  usually 
employed  in  Japan.  Other  manufactm-ers  decorticate  the  seeds 
previous  to  pressing.  The  whole  seeds  when  pressed  yield  15  per  cent 
of  oil  (by  volume). 

The  oil  prepared  from  fresh  seeds  by  pressing  is  pale  yellow  and 
practically  odourless ;  its  taste  is  mild  and  pleasant. 

Commercial  tsubaki  oil  has  a  yellow  colour,  and  a  shght  peculiar 
odour  ;  the  inferior,  decidedly  rancid  grades  vary  from  yellow  to 
reddish  yellow.    The  following  characteristics  are  given  by  Tsujimoto  : — • 


Cold-drawn  Oil. 

Commercial  Oil. 

Oil  from 
Decorticated 
Seed. 

Uil—  , 

Specific  gravity  at  15  •5°  C. 

0-9159-0-9163 

0-9161-0-9166 

0-9160 

Saponification  value  . 

190  •6-192-6 

180-9-190-6 

191-9 

Iodine  value  .... 

80-3-81-3 

80-1-80-6 

80-4 

Reichert-Meissl  .... 

0-5 

Refractive  index  at  20° 

1-4682-1-4691 

1-4691-1-4679 

1-4687 

Falty  Acids — 

Insoluble  acids +  unsaponifiable . 

95-5% 

Specific  gravity  at  100°  C.  (water 

at  15°  =  1)  .... 

0-8402 

Melting  point  .... 

22°  C. 

Neutralisation  viilue  . 

197 

Mean  molecular  weight 

284 

Iodine  value  .... 

■83-7 

The  oil  solidifies  completely  at  - 15°  C.  In  Valenta's  test  it  becomes 
turbid  at  81°  C.  In  the  elaidin  test  it  solidifies  in  two  hours  and  yields 
after  twenty-four  hours  a  very  hard  mass. 

'  T.siijimoto,  Journ.  Cull.  Engin.  Im}}.  Univ.  Tokyo,  .Japan,  1908,  vol.  iv.  p.  75. 
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The  acid  values  of  a  number  of  cold  drawn  oils  varied  from  1-63  to 
2-67  ;  commercial  samples  have  higher  acid  values,  up  to  8-8. 

The  mixed  fatty  acids  yielded  (by  the  lead-salt-ether  method)  93-1 
per  cent  of  liquid  acids  of  the  iodine  value  89.  They  seem  to  consist 
of  oleic  acid  only,  as  they  neither  gave  ether-insoluble  compounds  on 
bromination,  nor  sativic  acid  on  oxidation  (Kametaka). 

Tsubaki  oil  being  the  highest  priced  of  all  Japanese  vegetable  oils, 
is  largely  adulterated  with  rape,  cotton  seed,  soya  bean,  and  arachis 
oils.  Tsujimoto  finds  Bieber's  reagent  suitable  for  the  detection  of 
all  these  adulterants ;  as  the  quantitative  reactions  fm'nish  gi'eater 
certainty,  the  table  of  colour  reactions  given  by  Tsujimoto  is  not  repro- 
duced here. 

Tsubaki  oil  is  chiefly  used  as  a  hair  oU.  In  the  islands  of  Idzu 
it  is  used  as  an  edible  oU.  Owing  to  its  high  price  its  industrial  use 
is  limited.    It  is  also  used  as  a  lubricating  oil  for  delicate  machinery. 


SASANQUA  OIL  ^ 

French — Huile  de  sasanqua.  German — Sasanquaol. 
Italian — Olio  di  sasanqua. 

This  oil  is  prepared  from  the  seeds  of  Thea  sasanqua,  Nois  {Camellia 
sasanqua,  Thun  a  tree  very  similar  to  the  tsubaki  tree,  and  cultivated 
like  the  latter  for  ornamental  purposes.  The  sasanqua  seeds  are  smaller 
than  those  of  tsubaki,  their  length  varies  from  1-0  to  1-5  cm.  ;  they 
weigh  on  an  average  0-5  grms.  The  seeds  consist  of  28  per  cent  of  husk, 
and  72  per  cent  of  kernels.  An  analysis  of  the  kernels  gave  the  following 
result : — Moisture,  5-11-5-78  per  cent ;  oil,  58-1-594  per  cent ;  ash, 
1-7-1 -8  per  cent. 

The  oU  is  prepared  commercially  in  the  prefecture  Kumamoto  by 
drying  the  seeds,  powdering,  steaming,  and  finally  pressing  in  a  wooden 
wedge-press.  The  powdered  mass  is  generally  expressed  twice,  so  that 
16  to  17  per  cent  of  oil  (by  volume)  are  obtained. 

The  examination  of  a  cold  pressed  oU  (from  Amakusa  seed)  and 
an  oil  extracted  with  ether  (from  Tokyo  seed)  gave  the  following 
results  : — 


'  Tsujimoto,  Journ.  Coll.  linyin.  Imp.  Univ.  Tokyo,  Japan,  1908,  vol.  iv.  p.  80. 
A  plant  named  Camellia  oleifera  grown  in  China  appears  to  be  of  the  same  species 
as  sasanqua. 
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CHAP. 


Cold  pressed  Oil. 

Extracted  Oil. 

0*7— 

Specific  gravity  at  15°  C.  . 
Sapoiiilication  value  . 
Iodine  value  .... 
Reichert-Meissl  value 
Refractive  index  at  20°  C.  . 

0-  9163 
193-9 

82-3 

1-  17' 
1-4691 

0-  9188 
193-4 

81-7 

1-  4961 2 

Fally  Acids — 

Specific  gravity  at  100°  C.  (water 

at  15-5  =  1). 
Melting  point,  °  C.  . 

J.1    u LI oiiiotiLlon  valilG  .  • 

Mean  molecular  weight 

Iodine  value  .... 

0-8405 

28 
199-64 
281 

86-1 

The  oil  solidifies  completely  at  -9°  C,  in  the  elaiidin  test  it  yields, 
after  two  hours,  a  hard  mass.  By  the  lead-salt-ether  method  89-9 
per  cent  of  unsaturated  acids  (of  the  iodine  value  92-9)  were  obtained  ; 
as  these  yielded  no  insoluble  bromides,  the  chief  constituent  fatty  acid 
in  sasanqua  oil  must  be  oleic  acid. 

Seeds  from  the  Kwangsi  Province  (China  ^)  yielded  a  yellowish 
brown  slightly  opalescent  oil  of  the  specific  gravity  15-5°/15-5°  C,  0-918  ; 
saponification  value  193-4,  and  iodine  value  87-5.  The  tea-seed  cake 
from  which  this  oil  was  obtained  gave  the  following  numbers  : — 
Moisture,  8-83  per  cent;  oil,  1-31  per  cent;  crude  proteins,  6-49  per 
cent ;  ash,  3-2  per  cent ;  crude  fibre,  37-3  per  cent. 

Sasanqua  oil  resembles  tsubaki  oil  very  closely.  Tsujimoio  is  of 
the  opinion  that  with  Bieher's  reagent  this  oU  can  be  distinguished 
from  tsubaki  oil. 

Sasanqua  oil  is  chiefly  used  as  a  hair  oil  (as  a  substitute  (?)  for 
tsubaki  oil).    It  is  also  employed  as  a  lubricating  oil. 


INOY  KERNEL  OIL 

This  oil  is  obtained  from  the  seeds  of  Poga  oleosa,  Pierre  (a  plant 
indigenous  to  West  Africa^). 

The  tree  bears  a  four-celled  stone  fruit  having  a  fleshy  exocarp  and 
a  thick  wooden  endocarp.  Bach  cell  contains  one  seed  about  2  cm. 
long  and  1  cm.  in  diameter.  The  shells  form  about  26  per  cent  of  the 
whole  fruit,  the  kernels  (known  to  the  natives  of  the  Cameroons  as 
"  Njore-Njole,"  and  in  the  Gaboon  as  "  M'poga  ")  yield  from  55  to  62 

1  The  high  Reichert-Meissl  value  of  this  specimen  is  due  to  the  high  acid  value,  viz. 
6-78. 

^  This  figure  should  evidently  be  1-4691. 
»  Bull.  Imp.  Inst.,  1912,  234. 

*  Cp.  Pierre,  Bull.  Soc.  Linn.  Par.,  1896,  ii.  1254.  Pierre  places  the  plant  in  the 
natural  order  Phytolaccacecc.  E.  Drabble,  Quart,  ,/onrn.  Inst,  of  Uimnii.  Research  in 
the  Tropics,  1908,  20,  places  the  plant  in  the  natural  order  Jihizophoracecv. 
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per  cent  of  a  light  yellow  oil.  The  examination  of  the  oil  gave  the 
following  numbers  : — 


Oil  extracted  from  Kernels. 

Native 
Prepared 
Oil.i 

I.l 

II.1 

ni.2 

IV.^ 

0*7— 

Specific  gravity  . 
Solidifying  point  . 
Saponification  value  . 
Iodine  value 
Refractive    index  at 
15°  C.       .      .  . 

0'918 

184-05 
85-35 

0-896  (?) 

184-49 
89-7 

0-914 

192-9 
90-9 

0-9091 

188-6 
93-0 

0-9135 

193-05 
93-3 

0-  9085 
-5 

174-5 
91-1 

1-  4700 

Falty  Acids — 

Insoluble  fatty  acids 

+  unsaponifiable 
Melting  point,  °  C. 
Titer  test,  °  C.  . 
Iodine  value 
Refractive    index  at 
45°  C.       .      .  . 

93-0 
22 

94-5 
24-5 

95-83 
28-0 
24-5 
93-6 

1-4499 

The  specimen  which  the  author  obtained  from  the  Imperial  Institute, 
deposited  "  stearine  "  on  keeping. 


PISTACHIO  OIL  ^ 

French — -Huile  de  pistache.  German — Pistaziendl. 
Italian — Olio  di  pistacchio. 

This  oil  is  contained  in  the  seeds  of  the  pistachio  nuts  (from  Pistacia 
vera  or  P.  lentiscus,  L.).  Oil  obtained  by  extraction  with  ether  has  a 
more  pronounced  aromatic  odour  than  that  obtained  by  expression  in 
the  cold. 

Pistachio  oil  has  very  limited  commercial  application  ;  it  is  used 
in  the  manufacture  of  sweetmeats. 

J  Bidl.  Imp.  Inst.,  1906,  201  ;  1908,  358. 

^  Edie,  Quart,  .fourn.  Innt.  of  Qomm.  Research  in  the  Tropics,  1907,  14. 
"  Brieger  and  Krause,  Der  TroiJcnjillanzer,  xii.  p.  83. 

*  Griinme,  Ghem.  Revue,  1910,  266. 

*  De  Negri  and  Fabris,  Annuii  del  Lah.  Chim.  delle  Qahelle,  1893,  220. 


[Table 


330 


GLYCERIDES— NON-DRYING  OILS 


CUAP. 


Physical  and  Chemical  Characteristics  of  Pistachio  Oil 


Specific 
Gravity. 

Solidifying 
Point. 

Saponification 
Value. 

Iodine  Valuo. 

Maumene  Test. 

Bntyro- 
refraclometer. 
"  Degrec.s." 

At  15°  C. 

°C. 

Mgrms.  KOII. 

Per  cent. 

°C. 

At  25°  C. 

0-9185 

-8  to  -  10 

191-0-19r6 

86  -8-87 -8' 

44  •.".-45  ^ 

62- 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


In.soluble  Acids 

Solidifying  Point. 

+  Unsaponifiable. 

Melting  Point. 

Iodine  Value. 

Per  cent. 

'C. 

•0. 

Per  cent. 

96'1' 

13 

17-181 

88-9 

U-13 

18-20  / 

96-2  2 

The  seeds  from  Pistacia  terehinthus,  a  small  tree,  native  of  the  Medi- 
terranean region,  are  known  in  commerce  as  "  Hunnulk  seed."  (The 
bark  of  the  tree  yields  a  commercial  Chian  turpentine.)  The  oil  con- 
tained in  the  kernels  has  not  acquired  commercial  importance. 


HAZELNUT  OIL 

French — Huile  de  noisette.  German — Haselnussol.  ' 
Italian — Olio  di  nocciuole. 

For  tables  of  characteristics  see  p.  331. 

Hazelnut  oil  is  prepared  from  the  seeds  of  the  hazelnut  tree,  Corylus 
avellana,  L.,  by  pressing  or  by  extracting  v?ith  solvents.  The  seeds 
contain  from  50  to  60  per  cent  of  a  golden-yellow  coloured  oil  having 
the  characteristic  odour  of  hazelnuts,  which  assists  to  detect  it  in  other 
oils. 

According  to  Hanus,^  the  mixed  fatty  acids  of  hazelnut  oil  consists 
of  85  per  cent  of  oleic  acid,  9  per  cent  of  palmitic  acid,  and  1  per  cent 
of  stearic  acid.  The  iodine  value  of  the  liquid  acids  {Tortelli  and 
Ruggeri)  points,  however,  to  the  occurrence  of  linolic  acid  in  hazelnut 
oil.  Fabris  and  Settimj  *  found  80  per  cent  of  liquid  fatty  acids  in  a 
specimen  from  dry  hazelnuts  which  yielded  35  per  cent  of  oU.  In 
the  elaidin  test  hazelnut  oil  yields  a  solid  white  mass. 

1  De  Negri  and  Fabri.s,  Annali  del  Lab.  Chiin.  delle  Oahelle,  1893,  220. 

^  Fiil)ris  and  Settim.j.  These  observei's  give  the  iodine  value  92'.')  and  Mannien^^ 
te.st  .5.5°  C.  for  an  oil  obtained  by  expre.ssing  Sicilian  seeds.  Tlie  oil  yielded  80  per 
cent  of  liquid  fatty  acids  of  the  io(Iine  value  105"8. 

»  ahem.  ZeU.,  1899,  Jief.  226. 

■*  AUi  del  VI.  Cong,  intern,  di,  CItim.  applic.,  Roma,  1907,  vol.  v. 


XIV 


HAZELNUT  OIL 


331 


r  ^ 


3 


El 
a 

s 


a, 

60 

a 

'B 

o 


2 

o. 


J3 

o 


CO 
03 


tH 
CO 


O 


M-2 

03  CO  W 
CD  TO 


CD 

CO 

in 

CO 


CD 

CO 


O 


tn 

OJ    C3    t/3  , — I  dJ 

o  p  =2  o  ^ 


CO 
00 


CO 

00 


CD 
CO 


0  CO 

01  CO 


o 


60      i'-S  cn 

pi^    Q  few 


toO 


.o 
O 


00 

CO 

OJ 

I— I 

rH 

.-1 

o 
a 

— •  t-. 


O  O 
?■!  rH 

I  I 


CO 

1— I 

I 


M-?  ,„  a 


a; 
(Z3 


O 


OS 

o 


OS  lO 
CD  lO 


OS  OS 

o  o 


o 


C3 

V3 


Oh 


t3 

> 


s 
ij'g 

1  ° 


Em 

a 

DO 

G  W 


o  o 
OS  OS  00 


60 
bp 

a 

ill 

■  o  . 


CO  CO  «3 

1^  00 
OS  OS  OS 


o 


c3 


Is 


o 
o 


is 

ing  Point. 

Observer. 

De  Negri 
and  t'abr 
l'\  and  S. 

■4-> 

a 

d 

(N  (M 

J3 
O 


o 


o 


o 


CD 
OS 


332 


GLYCERIDES  NON-DRYING  OILS 


CHAP, 


Hazelnut  oil  much  resembles  almond  oil ;  tlie  lower  iodine  value 
and  the  lower  solidifying  point  may  serve  as  means  to  distinguish  the 
two  oils. 

Hazelnut  oil  is  used  in  perfumery,  and  as  lubricating  oil  for  watch 
springs  and  other  delicate  machinery.  It  is  also  used  in  the  adulteration 
of  chocolate  fats  {Filsinger  ^)  and  as  a  substitute  for  peach  kernel  oil 
{Bennett  Hazelnut  oil,  in  its  turn,  is  liable  to  adulteration  with  olive 
oil ;  the  latter  would  be  detected  by  the  higher  solidifying  point  of  the 
sample. 

"  Giovani  "  nuts  from  Corylus  tubulosa  contain  56-04  per  cent  of 
oil  (and  2-47  per  cent  nitrogen  =  15-44  per  cent  protein^). 


KOfiME  OIL* 

French — Huile  de  Telfairia  ;  huile  cle  noix  d'Inhambane. 

German — Koemedl,  Thalerkurbisdl  {Telfairiadl^). 
Italian — Olio  di  telfairia  ;  olio  di  noce  di  Chilimanjaro. 

For  tables  of  characteristics  see  p.  333. 

This  oil  is  obtained  fi'om  the  seeds  of  Telfairia  pedaia,  Hook.  fil.  ; 
syn.  Joliffa  africana,^  D.C.,  a  tall  climbing  plant  belonging  to  the  Cucur- 
hitacecB,  and  indigenous  to  the  Coast  of  South-Bast  Africa  and  the 
islands  off  the  East  Afi-ican  Coast.  The  fruit  reaches  a  length  of 
2  to  3  feet  and  a  breadth  of  8  to  10  inches.  The  fruits  have  internally 
three  to  six  cells,  each  loculus  containing  a  number  of  large,  flat,  almost 
circular  seeds  about  \\  inches  in  diameter  and  J  inch  thick.  The  seeds 
are  known  in  commerce  as  "  Koeme  de  Zanzibar,"  "  Kilima-Njaro 
nuts,"  '  "  Jacungu,"  "  mkimgu,"  and  "  limabu  "  nuts,  and  are  largely 
used  as  an  article  of  food  by  the  natives.  The  kernels  have  a  pleasant 
taste,  and  do  not  easily  become  rancid  even  after  keeping  for  several 
years,  the  shells  apparently  forming  a  good  protection  against  the 
influence  of  the  atmosphere.  Specimens  examined  by  the  author 
yielded  60-5  per  cent  of  oil.  Seeds  examined  by  Bontoux  ^  consisted  of 
46  per  cent  of  shells  and  54  per  cent  of  kernels,  yielding  by  extraction 
with  carbon  bisulphide  62-57  per  cent  of  oil  (calculated  to  the  entire 
seeds  33-8  per  cent).  By  expression  of  the  kernels  on  a  laboratory 
scale  Bontoux  obtained  50  per  cent  of  oil.  Both  kinds  of  oil  prepared 
by  Bontoux  have  a  yellowish-red  colour.    According  to  Drabble^  the 

'  Jov/rn.  Soc.  Chem.  Ind.,  1893,  5. 

^  Chemist  and  Druggist,  1908,  89. 

"  H.  Kiihl,  Pharm.  Zeit.,  1909  (54),  58. 

*  Tboms,  Arch.  d.  Pimm.,  1900  (238),  48. 
5  Cp.  Jahrbuch.  d.  Chem.,  1899  (ix.),  354. 

8  This  uanie.  is  used  for  both  Telfairia  pedata  nud  T.  occidenialis  ;  the  name  Joliffa 
africana  was  first  applied  to  T.  occidenialis. 

^  Roninguoli,  L  Industria  saponiera,  iii.  No.  3. 

*  Uupiiblished  obsei  vatious. 

*  Quart.  Journ.  of  the  Institute  of  Comm.  Research  in  the  Tropics,  1907,  vol.  ii.  No. 
5,  p.  135. 
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unshelled  seeds  contain  33-36' per  cent  of  oil ;  tlie  shelled  seeds  yield 
59  per  cent. 

The  expressed  oil  has  a  pleasant  and  even  sweet  taste.  Attempts 
to  prepare  an  edible  oil  have  hitherto  failed  owing  to  the  difficulty 
of  shelling  the  seeds  by  a  cheap  process.  The  removal  of  the  shell 
must  be  carried  out  completely,  as  it  has  an  extremely  bitter  taste, 
and  may  even  give  up  toxic  substances  to  the  oil  if  expressed  together 
with  the  pulp  of  the  fruit  (Bontoux). 

The  oil  examined  by  the  author  had  the  acid  value  0-56,  and  con- 
tained 0-9  per  cent  of  unsaponifiable  matter.  It  gave  the  elaidin 
reaction  ;  on  exposure  to  the  atmosphere  for  several  months  it.becomes 
slightly  viscous. 

The  mixed  fatty  acids  contain  stearic,  palmitic,  and  telfairic  (Vol.  I. 
p.  200)  acids,  and  possibly  an  unsatm-ated  hydroxylated  acid  of  the 
composition  C24H40O3.  The  acetyl  value  of  the  oil,  viz.  26-9,  found 
by  Thorns,  is  due  to  the  presence  of  the  hydroxylated  acid.  The  low 
saponification  value  given  by  Thorns  is  open  to  doubt. 


Physical  and  Chemical  Characteristics  of  Koeme  Oil 


Specific 
Gravity. 

Solidifying 
Point. 

Melting 
Point. 

Saponification 
Value. 

Iodine  Value. 

Refractive 
Index. 

Observer. 

At  15°  C. 

°C. 

°C. 

Mgrms.  KOH. 

Per  cent. 

Butyro- 
refractometer. 

0-9180 

+7 

174-8  (?) 

86-2 

At  °C. 

Scale 
Divisions. 

Thorns 

25 
30 

63-64 
61-62 

0-9185 

+  8-5 

10 

195-10 
196-5  ;  1  197-5  ^ 
186-5 

100-7 
88-5  ;  1  88-3  « 
84-2 

15 

1-4686 

Lewkowitsch 
Bontoux 
Grimme 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Fatty  Acids + 
Jnsaponiflable. 

Solidifying 
Point. 

Melting 
Point. 

Neutralisation 
Value. 

Mean 
Molecular 
Weight. 

Iodine 
Value. 

Befractive 
Index  at 
50'  C. 

Observer. 

ler  cent. 

"C. 

'C. 

Mgrms.  KOH. 

96-5 

41 
38-8 
(Titer  test) 
41-8 

44 
43-5 

209-1 

266 

86-7 

1-4492 

Thorns 
Lewkowitsch 

Grimme 

Extracted  oil.  ^  Expres.sed  oil. 
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GLYCERIDES  NON-DRYING  OILS 


CHAP. 


The  seeds  from  Telfairia  occidentalis,^  Hook.,  known  to  the  natives 
of  the  West  Coast  of  Africa  as  "  Krobonko  "  seeds,  are  very  similar 
to  those  of  T.  pedata.  They  consist  of  31-2  per  cent  of  shells  and 
68-8  per  cent  of  kernels.  The  kernels  contain  48-2  per  cent  of  oil, 
hence  the  whole  seeds  yield  32-2  per  cent. 

The  oil  obtained  by  extraction  with  ether  had  the  following  char- 
acteristics (Grimme)  :  ^ — 


OiZ— 

Specific  gravity  at  50°  C.  .         .         .         .  0-9135 

Solidifying  point,  °  C.  .         .         .         .  -  2-5 

Melting  point,  °  C.  .  .         .         .         .  _  I-Q 

Saponification  value  ....  262-2 

Iodine  value  {Wijs)  ....  43-4 

Refractive  index  at  20°  C.  ...  1-4763 

Fatty  Acids — 

Fatty  acids,  per  cent  .         .         .         .  96-2 

Unsaponifiable,  per  cent  ....  0-38 

Solidifying  point,  °  C.  .         .         .         .  39-5 

Melting  poiiit,  °  C.  .  .         .         .         .  42-0 

Neutralisation  value  ....  221-0 

Mean  molecular  weight  ....  251-5 

Iodine  value  (IFi/a)  ....  45-9 

Refractive  index  at  50°  C.  ...  1-4613 


ELDERBERRY  OIL 

French — Huile  de  sureau.  German — Holunderbeerendl. 
Italian — Olio  di  sambuco. 

For  tables  of  characteristics  see  p.  335. 

This  oil  is  obtained  from  the  berries  of  the  red  elderberry,  Samhucus 
racemosa?  A  similar  oil  was  prepared  by  Byers  and  Hopkins  from 
the  berries  of  Samhucus  racemosa  arbor escens.'^ 

1  J.  R.  Jackson,  Chemist  and  Druggist,  1906,  No.  1. 

2  Ghem.  Revue,  1910,  268. 

s  Zelluer,  Monatsh.  f.  Chem.,  1902,  937.    Journ.  Soc.  Chem.  Ind.,  1903,  101. 
H.  G.  Byers  and  P.  Hopkins,  Jown.  Amer.  Chem.  Sue.,  1902,  771. 
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GLYCERIDES  NON-DRYING  OILS 


CHAP. 


According  to  tliese  authors  the  solid  fatty  acids  consist  exclusively 
of  palmitic  acid.  Zellner,  however,  found,  besides  palmitic  acid  (the 
chief  constituent),  small  amounts  of  arachidic  acid.  The  liquid  fatty 
acids  form,  according  to  Byers  and  Hopkins,  73-6  per  cent  of  the  mixed 
fatty  acids,  which  agrees  fairly  well  with  71  per  cent  found  by  Zellner. 
The  distinct  Eeichert-Meissl  value  points  to  notable  amounts  of  volatile 
fatty  acids.  Byers  and  Hopkins  arrive  at  the  following  composition 
of  the  oil :  palmitin,  22  per  cent ;  olein  and  linolin,  73-6  per  cent  (of 
which  olein  forms  92-2  and  linolin  7-8),  caprin,  caproin,  and  caprylin, 
3-0  per  cent. 

Zellner  concludes  from  the  iodine  value  of  the  liquid  fatty  acids, 
viz.  120,  that  about  two-thirds  consist  of  oleic  acid  and  the  remainder 
of  linolic  acid  ;  linolenic  and  isolinolenic  acids  could  not  be  detected. 

Zellner  records  the  acetyl  value  15-5,  and  the  mean  molecular 
weight  of  the  acetylated  acids  (melting  at  i7°-49°  C.)  286. 


ELOZY  OIL 

French — Huile  de  citron  de  mer ;  ^  huile  d'Elozy.  German— 
Elozyol.  Italian — Olio  di  Elozy. 

This  oU  is  obtained  from  the  seeds  of  Ximenia  americana,  L.  {X. 
Russelliana,  Wall.),  a  tree  belonging  to  the  Oleacece  and  widely  distri- 
buted over  tropical  America,  Africa,  Asia,^  and  the  Pacific  Islands. 
In  the  Gaboon  (West  Africa),  the  tree  is  known  under  the  names 
"  Elozy  "  and  "  Zegue  "  ;  hence  Heckel  describes  the  oil  under  the 
name  Huile  d'Elozy-Zegue.  At  the  West  Coast  of  Africa  the  seeds  are 
known  as  "  Mpingi."  In  the  catalogue  of  the  Colonial  section  of  the 
Paris  Exhibition,  1879,  the  percentage  of  oU  is  given  as  32-8.  Grimme  ^ 
found  in  a  South  American  specimen  39-25  per  cent  of  oU  (63-82  per 
cent  in  the  kernels,  which  formed  61-5  per  cent  of  the  fruits).  This 
agrees  with  HeckeVs  earlier  statement  that  the  seeds  consist  of  60  per 
cent  of  kernels  and  40  per  cent  of  husks.  The  kernels  yielded,  on 
extraction  with  carbon  bisulphide,  69  per  cent  of  oil.  Suzzi  *  found 
65-6  per  cent  of  oU  in  kernels  from  Serae,  in  Erythrea  (Italian  East 
Africa).    The  oil  furnishes  the  following  characteristics  : — 


1  Heckel,  Les  Oraines  grasses  nouvelles  ou  peu  connues  des  Colonies  franfaises, 
Marseille,  1902,  p.  27.    Der  Pflanzer,  1911  (7),  484.  ^  ^ast  India. 

^  Giimme,  Ghem.  Reviis,  1910,  157. 

^  I  Semi  oleosi  e  gli  oli,  published  for  the  Milan  Exhibition,  1906. 
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Suzzi. 


Oil- 


Specific  gravity  at  15°  C. 
SoUdification  point,  °  C. 
Saponification  value 
Iodine  value 
Maumene  test,  °  C.  . 
Unsaponifiable  matter, 
cent  .... 
Refractive  index 


per 


Fatty  Acids — 

Insoluble    fatty    acids  4-un 

saponifiable,  per  cent 
Solidifying  point,  °  C. 
Melting  point,  °  C.  . 
Neutralisation  value 
Mean  molecular  weight 
Iodine  value 

Refractive  index  at  60°  C. 


0-9165 

+  12  to  +5 
155-3  (?) 
85-1 
69 


45-5-42 
45-5-48 
171-3 
326-5 


Griinme. 


0-9248 
+  2 
183-1 
84-0 


2-91 
1-4737 
at  20°  C. 


51-52 
172-3 
326 

78-2 
1-4596 


Schroder.i 


0-9187-0-9220 
+4 
173-177 
80-85 


0-5 

1-4677-1-4687 
at  40°  C, 


93-9-94-8 

44-45 
49-5-50 


71 


I 


According  to  Schroder  the  fatty  acids  contain  aracMdic  acid. 
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French — Huile  de  celastre.  German — Gelasterdl. 

Olio  di  celastro. 


Italian — 


This  oil  was  prepared  by  Suzzi  ^  from  the  seeds  of  Celastrus  Sene- 
galensis,  which  is  widely  distributed  throughout  .Erythrea  (Italian 
East  Africa),  where  two  species,  viz.  0.  Senegalensis  and  G.  serratus, 
occur.  In  the  seeds  collected  in  Hamasen  Suzzi  found  49-68  per  cent 
of  fatty  matter  with  the  following  characteristics  : — 


Specific  gravity  at  15° 
Solidifying  point 
Saponification  value 
Iodine  value 
Maumen6  teat 

Fatly  Acids — 
Solidifying  point 
Melting  point 
Neutralisation  value 
Saponification  value 
Mean  molecular  weight 


0-9435 
-  3  to  -  6° 
223-6  (?) 

86-7 

77°  C. 


32-29° 
34-37° 

188-  7 

189-  2 
296-5 


'  Arhh.  d.  KaLierl.  Oemmdith.,  1911,  43. 

^  /  Semi  olcosi  e  gli  oil,  publishod  for  tlii;  Miliui  Kxliildtioii,  1906 
VOL.  IT 
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The  specimen  of  oil  contained  10-12  per  cent  free  fatty  acids.  The 
oil  gives  no  colouration  in  the  Halphen  nor  in  the  Baudouin  test. 

The  seeds  from  the  shrub  Celaslrus  paniculatus  yield  a  dark-red 
pungent  oil  from  which  "  stearine  "  separates  on  standing.  In  Ceylon 
this  oil  is  known  as  "  Duhudu  oil,"  and  serves  as  a  nerve  stimulant ; 
it  is  also  used  there  for  external  application  to  sores. 


OLIVE  OIL 

French — Huile  d'oUve.  German — OUvendl.  It&.lian — Olio  d'  oliva. 
For  tables  of  characteristics  see  pp.  340-342. 

Olive  oil  is  prepared  from  the  fruits  of  the  olive  tree,  Olea  europea 
saliva,  L. 

The  olive  tree  is  most  likely  indigenous  to  Western  Asia,  but  at 
an  early  date  was  introduced  into  all  the  countries  bordering  on  the 
Mediterranean.  In  Syria,  especially  in  the  neighbourhood  of  Aleppo 
and  on  Mount  Lebanon,  the  olive  tree  is  abundant,  and  has  become 
completely  naturalised  in  Greece,  Italy,  Spain,  and  the  South  of  France. 
In  Northern  Africa,  especially  in  Algeria  and  Tunis,  the  cultivation 
of  the  olive  tree  has  again  reached  the  considerable  dimensions  which 
it  had  in  the  times  of  the  Roman  empire,  and  later  on  in  the  tenth 
century,  when  even  exportation  of  olive  oil  took  place  (cp.  footnote  3, 
p.  343).  Recently  the  cultivation  of  the  olive  tree  has  been  introduced 
into  California,  South  Africa,  and  Austraha.  The  olive  tree  thrives 
best  in  a  subtropical  climate,  and  its  successful  cultivation  extends 
in  Europe  as  far  north  as  latitude  44^°.  In  America  it  scarcely  extends 
to  latitude  34°. 

Attempts  have  been  made  in  several  parts  of  India  to  cultivate 
the  olive,  but  although  the  tree  grows  well  and  flowers,  the  fruit  seldom 
matures. 

In  Italy  the  young  olive  trees  bear  fruit  two  years  after  being 
planted,  and  after  six  years  they  become  a  som-ce  of  income.  The 
cultivation  requires  great  attention,  not  only  as  regards  weeding,  but 
especially  as  regards  the  prevention  of  diseases  peculiar  to  the  olive 
tree.  Noticeable  amongst  the  diseases  are  the  "  pourridie,"  which 
affects  the  roots  when  they  receive  too  much  moistm-e,  and  "  tubercu- 
losis "  (or  "rogne")  caused  by  Bacillus  olece.  The  latter  produces 
tumours  which  exhaust  the  tree  and  cause  its  death.  Fungi  wliich 
especially  attack  olive  trees  are  :  Fumago  solid  and  Cycloconium 
oleaginum  ("  occhio  di  pavone ").  The  chief  damage,  however,  is 
done  to  olives  by  insects,  notably  by  the  olive  fly,  Mosca  ohvarmi 
{mouche  de  I'olive),  also  known  as  Dacus  oleoB.  Other  insects  attacking 
the  olive  tree  are  several  species  of  cochineal,  such  as  Lecanium  (large 
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cochineal),  which  assists  the  development  of  Fumago  salici,  "  Psylle 
de  I'oUvier,"  Asfidiotis  nerii,  Parlatoria  calianthina,  and  Chilicorus. 
For  further  information  the  reader  must  be  referred  to  the  papers 
mentioned  ui  the  footnote.^ 

With  regard  to  the  formation  of  the  oil  in  the  fruit  see  Vol.  I.  p.  1, 
and  with  regard  to  constituents  of  olive  leaves  and  olive  bark  cp.  Power 
and  Tutin.^ 

The  olives  intended  for  oil  production  are  gathered  just  before 
the  period  of  maturity,  as  the  oil  obtained  from  the  barely  ripe  fruit 
is  much  superior  in  quality  to  that  obtained  from  fully  ripe  or  over- 
ripe fruits. 

The  proportion  of  oil  goes  on  increasing  to  the  maximum  found 
in  the  fruit  which  has  reached  complete  maturity ;  it  then  decreases 
slowly.  Eipe  olives  contain  up  to  70  per  cent  of  oil.  This  figure 
is,  however,  an  exceptional  one,  the  fleshy  part  of  the  best  cultivated 
olives  containing  only  from  40  to  60  per  cent  of  oil.  The  Algerian  olives 
vary  in  their  proportion  of  oil  within  wide  limits,  from  10-03  per  cent 
(Tlemcen  olives,  demi-grosses,  Telsi)  to  32-98  per  cent  in  the  Jemmap 
olives,  greffees,  Garel. 

More  recent  analyses  of  the  most  important  kinds  of  Tunisian 
oHves  published  by  Bertainchand^  are  briefly  summarised  in  the 
foUowing  table  : — 

■  Olives  from  Yield  of  OU. 

Region  du  Nord 
Djebel  Amarx 
Tebowika 

Tunis  y     ■         •         .         .  24-0-39-0 

Zaghouan  J 
Region  du  Sahel 
Monastir  ~l 

Kalaa-Srira/       "  '      '         •         •  28-3-41-0 
Region  du  Sfax       .         .         .  .32 
Region  de  Gafsa 

Oasis  de  Gafsa     ....  23-0-33-5 
Region  du  Sud 

Oasis  d'el  Oudiana-, 

Gab^s 

Djerba  |       '         '         '  ^^'^'^^'^ 

Zarzis  J 


Tiini     ^MT^n  cl  en  paHicnlicr  mr  la  culture  de  I'olivier, 

■  "^^^'^"^^      ooncoum  rSffional  agricole  de  Sfax,  18  ef,  25  fanvier 

R  M  rP'^ '  ^^"S'^st.  L'fndus/,ric  olHcole  {Encyelopedio  scimUfiqm);  L.'Trabut 
V„.L,-'  r en  190(1  (Olivier,  i)p.  186-230)  ;  Alger,  1906  ;  Olives  ; 
of  nl^Z,  "■'^'^  ^daptatimi,  by  George  E.  Colby  (Bulletin  No.  123)  ;  Revision 

No  1 C  ?,  of  Olive  OuUure  in  California,  by  A.  P.  Hayno  (Bulletin 

/'A-  ^^''"^  Manufaetv.re,  by  G.  W.  Sliuw  (Bulloiin  No.  l.^.S)  • 

'^ni    rti"  '"'f  ^  Amileterre,  J.  Sinionol;,  Tunis,  1909  • 

TCnnf.  ,'-^'P''°"''ktion  ,un  tier  italienisclieii  \\w\  frnnzdsisclien  Riviera "  :  J.  Sinus- 
ivantselueder,  Zeit.schr.  f.  lu.ndm.  Versvr.hsst.,  1909. 

^  I'rnc.  Chem.  Son.,  1908,  117. 
Dugast,  V Industrie  olHcule,  Paris,  1905. 
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The  Tunisian  oils  may  be  classed  broadly  into  tbree  groups  :  (1 )  Oils 
of  the  North,  (2)  Oils  of  the  Centre,  and  (3)  Oils  of  the  South  of  Tunis. 
Of  course,  this  classification  must  not  be  taken  in  too  strict  a  sense, 
for  in  each  part  of  the  coimtry  difierent  types  of  oils  are  found,  the 
composition  of  which  depends  on  the  variety  of  the  olive  tree,  on  the 
state  of  ripeness,  etc.  The  oils  from  the  North  of  Tunis  (Tebourba, 
Bizerte,  and  Cap  Bon)  have  as  a  rule  a  fruity,  slightly  pungent  taste. 
The  oils  from  the  South  (Sfax)  have  a  full  very  delicate  taste.  Those 
of  the  Centre  of  Tunis  (Sousse,  Monastir,  Mahdia)  represent  an  inter- 
mediate type-"''    (^^^  analytical  characteristics  see  p.  363.) 

Californian  olives  also  yield  much  smaller  quantities  of  oil  than 
the  best-cultivated  European  varieties.  Among  the  large  number  of 
analyses  published  by  the  Agricultural  Experiment  Station  of  the 
University  of  California  the  lowest  percentage  of  oil  was  11-23  (in  the 
locality  of  Sacramento),  and  the  highest,  22-3  (in  Oakdale) ;  both 
olives  are  varieties  of  the  "  mission  "  olive,  the  oldest  olive  grown 
in  the  State.  The  "  ruabra "  olive  imported  into  California  from 
France  yields  up  to  27-91  per  cent  (district  of  Lincoln). 

When  determining  the  proportion  of  oU  in  olives  or  olive  pulp, 
carbon  bisulphide  should  be  used  in  preference  to  ether,  as  the  latter 
dissolves  other  (non-fatty)  substances  together  with  the  oil.^ 

The  technical  processes  employed  for  the  production  of  olive  oil 
furnish  one  of  the  best  examples  of  the  correctness  of  the  statement 
made  at  the  beginning  of  Chap.  XIII.  The  very  oldest  and  crudest 
processes  still  survive  in  those  districts  of  Algeria  and  Tunis  ^  which 
are  farthest  removed  from  the  coast.  The  difficulty  which  especially 
besets  the  production  of  olive  oil  is  the  feature  that  it  is  impossible 
to  gather  all  the  fruit  at  the  most  favourable  time  and  crush  it  immedi- 
ately. Hence  the  fruit  must  be  preserved  until  it  can  be  worked  up  ; 
otherwise,  fermentation,  with  subsequent  hydrolysis  and  oxidation 
of  the  oil,  sets  in  (see  below).  Many  methods  have  been  proposed  for 
preserving  the  fruits ;  the  best  seems  to  be  storage  in  weU- ventilated 
rooms,  the  olives  being  exposed  to  the  air  in  shallow  layers.  Where 

'  Simonot,  L' Exportation  des  huilas  d' olive  tunisiennes  en  Angleterre,  p.  14. 
-  Cp.  Peano,  Journ.  Soc.  Chem.  IncL,  1903,  35. 

^  The  culture  of  the  olive  tree  in  Tunis  dates  from  about  the  first  century  B.  c.  It 
wan  very  prosperous  until  the  sixth  invasion  of  the  Arabs  (693-694  A.D.),  who  destroyed 
a  great  miniber  of  plantations.  During  a  later  invasion  of  the  Arabs  in  1048  the  olive 
trees  of  the  Sfax  district  were  entirely  destroyed.  Fresh  jjlantatious  were  not  made 
before  1800-1810.  Since  then  the  olive  culture  has  developed  greatly,  so  that  the 
number  of  olive  trees  in  Tunis  was  estimated,  in  1908,  at  11,222,525.  In  the  Sfax 
'listriet,  the  most  important  and  progressive  in  Tunis,  two  kinds  of  olives  are  planted 
for  eating  purposes:  (1)  the  "  mellahi,"  a  round  fruit  reaching  sometimes  the  size  of 
a  small  apricot,  which  is  picked  green  for  salting  ;  and  (2)  the  "nab,"  which  is  smaller 
than  the  former  and  has  an  oval  shape.  Tlie  olives  grown  for  oil  production  are  of 
tlie  "ohemlali"  type.  This  fruit,  which  is  much  snuiUer  than  the  "  mellahi "  and 
"nab,"  grows  over  the  whole  of  North  Africa.  Two-thirds  of  the  oil  produced  in  Tunis 
comes  from  Arab  mills,  where  the  most  rudimentary  processes  still  survive,  the  "  mill  " 
being  merely  a  roller  turning  inside  a  cylindrical  basin  ;  the  roller  is  driven  by  animal 
power.  The  fruits  and  stones  reduced  to  a  pulp  are  spread  over  round  pieces  of  matting 
made  of  esparto  grass  which  arc  put  into  a  wooden  press  when  a  mixture  of  water  and 
oil  exudes.  If  the  olives  caimot  be  worked  up  immediately,  they  are  placed  in  a  dark 
room  and  each  layer  of  olives  is  covered  with  salt. 
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this  is  not  possible,  recourse  is  had  to  preservation  in  sea-water  or  brine, 
with  exclusion  of  air.^  Storage  in  refrigerated  chambers  would 
undoubtedly  be  better,^  but  this  may  be  too  expensive. 

In  this  work  only  the  most  modern  methods  adapted  to  large  scale 
operations  can  be  considered.  They  consist  in  working  up  the  olives 
by  the  mixed  process  (p.  29),  i.e.  by  expression  and  subsequent  extrac- 
tion. Therefore,  reference  can  only  be  made  in  passing  to  processes 
such  as  those  proposed  by  Kuess,^  Funaro,'^  Tanquerel,^  [Miguel  del 
Prado,^  Acuna  y  Gomez  de  la  Torre,''  Acapulco,^  Sagols,^  G.  QuintanilW'^ 
and  J.  Bernardini     (cp.  above  p.  2). 

The  machinery  employed  in  the  production  of  olive  oil  varies  con- 
siderably in  the  different  countries,  although  in  the  main  it  is  of  the 
same  kind  as  that  described  in  broad  outlines  in  Chap.  XIII.  For  a 
description  of  the  special  apparatus  employed  in  Tunis  and  California 
(adapted  from  the  methods  worked  in  France  and  Italy),  the  reader 
must  be  referred  to  the  special  work  by  Dugast  and  the  "  Bulletins 
published  by  the  Agricultural  College  of  the  University  of  Califorma 
It  may  suffice  here  to  give  in  a  general  way  an  account  of  an  ideal 
process  producing  all  kinds  of  olive  oil  from  the  very  finest  down  to  the 
very  lowest,  and  embracing  the  various  methods  in  vogue  m  the  different 

countries.  •  ,  7  <■    •   12 1,  4. 

The  very  finest  oils  are  obtained  fi-om  hand-jncked  Jnats  by  Urst 
crushing  them  in  a  mUl  without  breaking  the  kernels.  BxceptionaUy 
fine  qualities  are  prepared  by  peeling  hand-picked  frmts  and  pressing 
lightly,  after  carefully  removing  the  kernels.  The  crushed  marc  is 
then  expressed  in  a  hydraulic  press  ;  the  oil  so  obtamed  ranks  as  the 
best  edible  oil-AmZe  vierge,  huile  surfine}^  Commercial  brands  of  this 
quaUty  are  "  Provence  Oil,"  "  Aix  Oil,"  "  Nice  Oil  "  '  Var  Oil  The 
oils  sold  as  "  Finest  Tuscan  Cream,"  "  Riviera  Oils  (Genoa),  Ba,n 
OHs  "  also  rank  amongst  the  best  edible  oils,  although  they  are  distinctly 
lower  in  value  than  the  South  of  France  oHs,  and  approximate  more 
closely  to  the  following  somewhat  inferior  quality.  The  latter  is 
obtained  by  pouring  some  cold  water  on  the  marc,  after  the  pressm-e 

1  Klein,  Zeitschr.  f.  angcw.  Chemie,  1898,  848  ;  Mastbaum,  Chem.  Revue,  1904, 
^°'2^Cp  G  Sani  Atti  R.  Accad.  dei  Lmcd,  Roma,  1912  (21),  364  ;  cp.  also  0.  Kleiu, 

5  French  patent  345,849.  «  Fi'eucli  patent  36o,lb7,  19U0. 

a  ?rt£laM-f ''Report"  at  the  Congr^.  Oleicole.  Av^ion   1912.  (The 
p.oees?is  rinfwn  as  the  AcW-Min.ioU  V^^^^^;^^ ^^^^ 
1913,3011.  ,,TQr,n7  11  French  patent  431,351. 

Sr™tC.f  tStog  ol  lb.  t„lte  by  p....         .0  b,ui.l.g  ot  tb.  ollv..  ,  s„.l, 

;:;;!;L:r:.f  r  r.tt r .0  sssr/bj or  tb.  k.™>.. 
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in  the  hydraulic  press  has  been  released,  and  pressing  again.  Such 
inferior  oil  is  also  sold  as  an  edible  oil  either  alone  or  after  admixture 
with  the  oil  of  the  first  expression—"  Salad  Oil,"  Jiuile  fine,  huile  de 
table  ordinaire. 

The  pulp  is  now  taken  out  of  the  press,  mixed  with  hot  water,  and 
pressed  again  once  or  twice.  Thus  the  bright  oils  used  for  various 
technical  purposes — huile  de  commerce,  huile  d'industrie,  huile  echaudee 
—are  obtained.  They  are  especially  used  for  lubricating  purposes, 
as  bui-ning  oUs,  and  for  soapmaking,  under  the  following  names  : 
huile  lampante,  huile  a  bruler,  huile  d,  fabrique  ;  olii  lavate  (washed 
oils). 

All  the  oils  obtained  so  far  are  somewhat  turbid  and  must  therefore 
be  brightened  by  washing  and  filtering.^  In  the  case  of  the  edible  oils 
settUng  and  subsequent  filtration  suffice  for  the  production  of  merchant- 
able oUs.  Most  of  the  technical  oils  are  treated  in  the  same  way  ;  oils 
of  lower  qualities  are  refined  in  the  same  manner  as  rape  oU,  i.e.  by 
treatment  with  sulphuric  acid. 

In  the  majority  of  the  smaller  works  the  kernels  are  not  removed  and 
are  crushed  together  with  the  fruit.  In  large  establishments,  however, 
the  kernels  are  removed  and  crushed  separately,  yielding  the  olive 
kernel  oil,  described  p.  367.  Opinions,  however,  difier  as  to  the 
advantage  this  procedure  is  said  to  ofier.  At  any  rate  for  lower  class 
edible  oils  the  removal  of  the  kernels  seems  to  make  no  difierence  in 
the  quahty  of  the  oil.^ 

The  repeatedly  pressed  pulp — grignons  {bucchiette,  polpe) — stUl 
contains  a  considerable  amount  of  oU,  varying  in  a  number  of  samples 
examined  by  the  author  from  10  to  22  per  cent.   The  pulp  is  now  beaten 
with  hot  water  in  special  nulls — moulins  de  ressence — resembling  the 
well-known  edge-runners.    The  oil  cells  are  thereby  further  broken 
up  ;  the  ground  mass,  together  with  the  water,  is  then  allowed  to  run 
into  a  series  of  vessels,  arranged  in  tiers,  where  the  water  separates 
from  the  oil  and  broken  cellular  tissues.    The  oil  and  the  tissue  rise 
to  the  surface,  when  they  are  skimmed  off,  whilst  the  heavier  crushed 
kernels  fall  to  the  bottom.    The  latter  are  known  as  grignon  marc  blanc. 
The  emulsion  of  oil  and  cellular  tissue,  which  has  been  skimmed  off  the 
water,  and  is  known  as  grignon  marc  noir,  is  heated  and  subjected 
to  a  fresh  expression  in  a  hydraulic  press.    The  oU  so  obtained  is 
termed  huile  de  ressence,  and  the  pressed  residue  is  known  as  tourteau 
de  ressence.    The  huile  de  ressence  is  allowed  to  rest  in  large  tanks  at 
a  somewhat  elevated  temperature,  when  a  clear  oil  separates  on  the 
top — huile  claire  de  ressence — and  a  lower  layer  of  thicker  oil — "  Olive 
Oil  Grease  " — pdte  de  ressence — settles  out.    Such  an  "  olive  oil  grease  " 
examined  in  the  author's  laboratory  contained  48  per  cent  of  free 
fatty  acids.    In  consequence  of  the  repeated  treatments,  this  oil  has 

'  A  special  apparatus  for  washing  olive  oil  has  been  patented  by  V.  Coq,  French 
patent  360,733,  21st  December  1905. 

^  Cp.  Passerini,  Sfaz.  sperim.  ar/r.  Ualiani,  1904  (37),  600.  Marcille  {Bulletin  de  la 
IHreclinn  de  1' Agriculture  du  Commerce  et  de  la  Gnlonisation,  1907)  iliscuss(>s  this  subject 
exhaustively,  and  sliows  that  the  previous  separation  of  the  kernels  from  the  pulp  is  an 
unnecessary  operation  and  only  leads  to  higher  working  costs. 
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become  oxidised  to  some  extent.    A  specimen  of  pdte  de  ressence 
examined  by  MerJclen  ^  contained  about  10  per  cent  of  lactones. 

In  some  establisliments  tbe  marc,  instead  of  being  boiled  with 
water,  is  thrown  into  pits  where  the  pulp  undergoes  a  kind  of  fermenta- 
tion (see  below  under  "  Free  Fatty  Acids  "),  whereby  the  oU  is  set 
free  and  gradually  rises  to  the  top.  Oil  of  this  kind  is  known  as  huile 
d'enfer,  huile  d'mfect,  Nachmilhlendl,  Hdllendl,  SottocMari.  The  name 
huile  d'enfer  is  applied  also  to  oU  settled  out  from  the  waters  obtained 
from  the  press  after  moistening  and  boiling  the  pulp,  which  has  been 
stored  in  underground  cisterns,  "  enfers."  To  this  class  of  oils  belong 
the  bagassa  {bagasse)  oils,  which  are  obtamed  from  fermented  marc, 
principally  in  Portugal.  These  oils  contain  as  much  as  60-70  per  cent 
of  free  fatty  acids. 

"  Tournant  oil "  is  a  commercial  product  of  the  quality  of  the 
"  huiles  d'enfer,"  obtained  from  the  fermented  marc  of  expressed 
olives  ;  it  contains  a  considerable  quantity  (up  to  26  per  cent)  of 
free  fatty  acids,  and,  therefore,  forms  a  very  complete  emulsion  with 
a  solution  of  sodium  carbonate,  which  constitutes  its  value  as  Turkey- 
red  oil  (Chap.  XV.).  It  was  first  employed  for  this  purpose  by  Hauss- 
mann  in  1792,  and  again  recommended  by  Koechlin  Freres  in  1811. 

The  cake  remaining  after  the  removal  of  the  huile  de  ressence,  termed 
tourteau  de  ressence,  or  sanza,  is  finally  deprived  of  its  last  content  of 
oil  by  extracting  with  solvents,  sometimes  after  a  preliminary  drymg. 
The  solvent  most  usually  employed  in  France  and  Italy  is  carbon 
bisulphide.  Hence,  these  oUs  are  termed  sidphocarbon  oils,  sulphm- 
olive  oils,  huiles  de  pulpes  d'olive  sulfurees,  huiles  de  pulpes  d'olive, 
huiles  d'olive  sulfurees  ;  Sulfurdle.  They  have  a  deep  green  colour, 
due  to  chlorophyll  extracted  by  the  solvent,  and  contam  the  more 
solid  portion  of  olive  oil  which  has  remained  in  the  pulp.  The  propor- 
tion of  lactones  in  these  low-class  oils  is,  however,  small,  due  to  the 
slight  solubility  of  lactones  in  carbon  bisulphide  (or  petroleum  ether). 
Merklen  ^  states  that  sulphur  oils  contain  as  a  maximum  1  per  cent 
of  lactones.  Some  such  sulphur  oUs  (Italian  and  Syrian)  exammed 
by  the  author  (Vol.  I.  Chap.  V.)  contained  from  48  to  64  per  cent  of 
fi-ee  fatty  acids.  These  oHs  are  characterised  by  the  presence  of  organic 
sulphur  compounds.  (For  the  detection  of  sulphur  see  Vol.  I.  Chap. 
IV  )  For  the  bleaching  of  such  oils  by  means  of  organic  peroxides 
cp  French  patent  378,515  {Vereinigte  Chemische  Werke,  CharloUenburg) . 

Suggestions  have  been  recently  made  aiming  at  the  extraction  of 
the  sanza  with  carbon  tetrachloride,^  or  trichloro-ethylene  (p.  24)  ; 
these  solvents  cannot  compete  with  the  cheaper  carbon  bisulphide. 

Instead  of  extracting  with  carbon  bisulphide,  Rodolphe  Bernard 
proposes  to  treat  the  intimate  mixture  of  pulp  and  water-crosse 
d'huile  d'olive-with  concentrated  sulphuric  acid  m  order  to  break 
1  Miides  sur  la  constitution  des  savons  de  commerce,  Marseille,  1906,  p.  106. 
3  SVBeniara,  French  patent  338,364;  cp.  al«o  Vol.  IH.  Chap   XVI.  A 

is  uiade  entirely  of  iron,  and  is  not  attacked  by  carbon  tetrachloride.  . 
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the  emulsion.^  This  method  cannot  compete  with  the  extraction 
process. 

The  water — eau  de  vegetation — which  collects  in  the  pits  after 
decantation  of  the  supernatant  oil  is  a  black  acid  liquid  known  as 
"  margines,"  agua  ruga.  The  specific  gravity  varies  from  1-050  to 
1-060.  It  contains  small  amounts  of  nitrogenous  substances,  potash 
salts,  and  other  extractive  substances  from  the  flesh  of  the  olive. 
Hitherto  this  liquid  has  not  been  worked  up  commercially,  not  even 
for  the  recovery  of  the  potash  it  contains.^ 

The  extracted  cake  is  sold  as  manure.  The  press  residues,  which 
have  yielded  superior  kinds  of  olive  oil,  would  be  suitable  for  feeding 
cattle,  but  as  the  oil  which  can  be  easily  recovered  by  extraction — 
about  ten  per  cent  of  the  residues— is  too  valuable,  olive  cakes  are 
only  used  locally  and  to  an  inconsiderable  extent.  Moreover,  consider- 
able quantities  of  nitrogenous  substances  and  potash  salts  are  lost 
to  the  cakes  by  having  passed  into  the  "margines"^  (see  above). 
The  oUve  cakes  become  so  rapidly  rancid  that  they  would  have  to  be 
used  up  in  the  fresh  state.  Still,  small  quantities  of  the  pressed  residues 
are  fed  locally  to  pigs.  Miguel  del  Prado  in  his  above-mentioned 
French  patent  365,187  especially  claims  the  production  of  feeding 
cakes.* 

Various  proposals  have  been  made  to  work  up  the  extracted  olive 
oil  residues  by  destructive  distillation  (Jiirgensen^).  Guerrero  de 
Smirnoff^  took  out  a  patent  for  working  up  the  residues  for  char 
(carbon)  on  the  one  hand  and  ammoniacal  salts,  acetates,  methyalcohol, 
etc.,  on  the  other  hand,  by  a  process  of  dry  distillation.''' 

The  commercial  importance  in  the  Mediterranean  of  olive  oil  may 
be  gathered  from  the  following  table  : — 


'  French  patent  325,966. 

2  Cp.  Les  H'uiles  d' olives  de  Tunisie  et  I'utilisation  des  margines,  E.  MiJliau,  Bertaiu- 
chand,  et  F.  Malet,  Moniteur  scientifiqiie,  1900,  508  ;  E.  Milliaii,  Bullet,  de  la  Direction 
de  V Agriculture  et  de  la  Commerce,  Tunis,  1903,  p.  488. 

=•  Cp.  0.  Klein,  Zeitschr.  f.  angew.  Chem.,  1900,  635. 

*  Cp.  also  M.  Hicguet  and  A.  Bengesco,  French  patent  372,782. 

'  Paris  Congress  of  Applied  Chemistry,  1900. 

"  French  patent  353,970,  1905.  Cp.  also  Marchette  and  Molco,  Chem.  Zeit.,  1906 
972. 

7  T.  Mancini,  Slaz.  sperim.  agrar.  Hal.  42,  553.  Cp.  also  French  patents  399,341 
and  399,342  of  Las  Industrias  del  olivo. 
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Mean  ^  Production  of  Olive  Oil  during  1900  to  1906  in  the 
Mediterranean  Basin  ^ 


Spain  . 
Italy  . 
Asiatic  Turkey 
Greece  * 
Portugal 
France 
Tunis  . 
Algeria 
Austria 


Hectolitres. 
2,660,000 
2,604,330 
1,980,000 

601,411 

398,150 

333,000 

301,100 

231,000 
65,366 

9,174,357,  or  about  820,000  tons. 


It  will  be  seen  from  the  above  table  tbat  France  produces  a  com- 
paratively small  amount  of  oLive  oil.  Large  quantities,  however,  are 
imported,  especially  fi'om  Algeria  and  Tunis,*  to  be  mixed  with  home- 
grown oil,  a  portion  of  which  is  again  exported.  The  following  table 
gives  the  French  imports  and  exports  of  olive  oildm-ing  1900-1911  :— 

1  The  viean  production  is  given,  as  the  production  varies  within  very  wide  limits 
from  year  to  year,  the  conditions  of  weather,  ravages  by  insects,  etc.,  influencmg  the 
harvest  to  an  extremely  large  degree. 

2  Statistics  of  the  French  Ministry  of  Agriculture.  „      ,     .  rj,^,,, 

8  For  a  report  on  the  production  of  olive  oil  in  Crete  cp.  Zeitschr.f.  angew.  Chem., 

^^'^"''The^exports  of  olive  oil  from  Tunis  during  1902-1907  were  as  follows  :— 


To 

1902. 

1903. 

1904. 

1905. 

1906. 

1907. 

France .       .       •  ■ 
Algeria 

Other  countries  . 

Total  . 

Ton.s. 
3,54T 
43 
538 

Tons. 
S,S74 
59 
201 

Tons. 
11,312 
189 
2,275 

13,776 

Tons. 

6,386 
73 
2,862 

Tons. 
8,591 
214 
2,466 

Tons. 
11,937 
524 
3,580 

4,128 

4,194 

9,821 

11,271 

16,041 
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1911. 

232,923 
129,076 

167,428 
50,403 

1910. 

439,536 
253,759 

200,061 
52,441 

1909. 

225,095 
110,388 

194,679 
75,404 

1908. 

492,149 
305,693 

221,652 
67,992 

1907. 

319,237 
213,587 

218,582 
97,782 

1906. 

410,257 
252,632 

228,198 
95,936 

1905. 

282,160 
187.045 

219.963 
76,600 

1904. 

471,859 
295,024 

195,968 
53,959 

1903. 

295,887 
181,120 

172,480 
46,563 

1902. 

380,515 
200,141 

171,766 
43,952 
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The  exports  of  "  refined  "  olive  oil  and  of  all  other  grades  from  Italy 
for  the  years  1905-1911  are  given  by  the  Italian  Customs  authorities 
as  foUows  : — 

Italian  Exports  of  "  Refined  "  Olive  Oil 


Exported  to 

Quintals.i 

1905. 

1906. 

1907. 

1908. 

1909. 

1910. 

1911. 

United  States 

38,687 

71,400 

29,188 

23,477 

20,106 

42,397 

44,479 

Austria-Hungary 

7,752 

22,203 

28,998 

6,739 

6,936 

21,633 

15,911 

Germany  .... 
Great  Britain  . 

6,490 

11,132 

15,690 

9,591 

3,348 

10,013 

7,702 

4,102 

9,432 

6,861 

2,526 

4,295 

4,656 

6,573 

Holland  .... 

8,403 

28,519 

12,648 

12,327 

3,695 

9,323 

13,803 

Switzerland 

6,936 

11,294 

7,026 

8,924 

2,038 

12,576 

5,981 

Egypt  .... 

4,867 

19,285 

15,363 

3,855 

8,788 

20,765 

16,214 

Other  countries 

4,900 

8,894 

8,536 

9,751 

6,342 

6,103 

5,808 

Totals  . 

81,237 

177,269 

113,890 

75,189 

56,728 

127,406 

115,691 

Italian  Exports  of  all  other  Grades  of  Olive  Oil 


Exported  to 

Quintals.i 

1905. 

1906. 

1907. 

1908. 

1909. 

1910. 

1911. 

Austria-Hungary 

18,293 

25,834 

19,013 

17,784 

6,258 

9,330 

7,274 

France 

43,191 

116,312 

60,766 

44,974 

21,794 

40,291 

33,643 

Germany  . 

11,058 

21,222 

17,793 

8,490 

3,928 

5,577 

3,735 

Great  Britain  . 

22,184 

29,737 

25,000 

18,991 

11,521 

16,471 

13,103 

Russia 

29,765 

22,854 

26,677 

8,319 

10,903 

4,049 

2,992 

Switzerland 

5,668 

8,819 

7,124 

5,459 

1,682 

2,493 

2,031 

Egypt 

United  States  . 

1,956 

5,810 

2,636 

2,136 

1,289 

1,991 

889 

52,577 

95,258 

82,198 

91,798 

62,224 

96,040 

93,096 

Brazil  . 

8,820 

12,320 

14,495 

12,950 

6,730 

15,862 

11,873 

Argentina  . 
Uruguay 
Other  countries 

58,256 

109,194 

90,347 

127,115 

47,507 

73,534 

59,981 

3,893 

8,190 

9,402 

7,428 

1,797 

3,421 

2,950 

17,440 

33,032 

32,976 

10,461 

25,060 

16,205 

17,103 

Totals  . 

273,101 

488,582 

388,427 

355,905 

206,693 

285,164 

248,670 

The  imports  of  olive  oil  into  the  United  Kingdom  (chiefly  from  Italy, 
Spain,  and  France)  are  given  in  the  following  table  : — 


Year. 
1866 
1870 
1875 
1880 
1885 
1890 
1895 
1900 
1902 
1903 
1904 
1905 


Tons. 
16,935 
23,202 
35,453 
20,260 
24,227 
20,187 
14,834 
12,044 
18,978 
14,485 
15,010 
12,042 


Year. 

1906  . 

1907  . 

1908  (unrefined) 

1908  (refined)  . 

1909  (unrefined) 

1909  (refined) 

1910  ^unrefined) 

1910  (refined) 

1911  (unrefined) 

1911  (refined) 

1912  (unrefined) 
1912  (refined) 


Tons. 
14,386 
12,328 
6,330 
5,822 
4,788 
4,186 
6,905 
6,311 
4,424 
4,336 
9,611 
6,686 


1  1  quintal  =  220 -46  lb. 
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Some  details  as  to  the  exporting  countries  are  contained  in  the 
following  table  : — 

Olive  Oil  imported  into  the  United  Kingdom  (in  metric  tons) 


From 

1902. 

1903. 

1904. 

1905. 

1906. 

1907. 

1908. 

1909. 

1 01  n 

1911. 

1912. 

Algeria  . 
Italy  . 
Spain 
France  . 
Greece  . 
Crete 
Tunis 

4,617 
11,973 
1,482 
639 

2,684 
9,543 
1,213 
112 
277 

2,880 
9,928 
1,324 
867 
251 

7 

2,820 
4,043 
1,422 
114 
537 

0-8 

4,798 
22S 

2,348 
992 

2,812 

is 

1,796 
726 

2,085 
428 
131 

1,196 
845 

1,491 
71 
110 

1,754 
1,701 
1,621 
431 
319 

1,357 
827 

1,119 
234 
96 

1,480 
2,009 
1,064 
785 
43 

Owing  to  the  ravages  of  the  olive  fly  (and  in  latter  years  owing  to 
the  introduction  of  other  edible  fats  and  oils)  the  production  of  olive 
oH  in  Italy  has  decreased,  and  olive  oU  has  been  imported  m  growing 
quantities  from  Greece,  Spain,  and  Austria-Hungary.  Whereas  the 
import  of  olive  oil  during  the  years  1905-1909  amounted  to  51,000 
quintals  only,  it  had  risen  in  1910  (when  the  harvest  was  bad)  to  58  OOU 
quintals  (other  edible  oils  wHch  were  imported  dui-mg  1905-190J  to 
the  extent  of  172,000  quintals  had  risen  in  1910  to  311,000  qumta  s). 

The  German  imports  of  olive  oil  are  given  in  the  following  table  :— 

Imports 


From 

1911. 

1912. 

France  . 
Greece  . 
Italy 
Spain 
Turkey  . 

Tons. 
933 
224 
1,116 
57 
66 

Tons. 

1,476 
434 

1,799 
435 
116 

In  the  Southern  Caucasus  the  production  of  high-class  olive  oils  has 
been  taken  in  hand.  The  olive  oil  produced  there  represents  two 
distinct  varieties,  of  different  taste  and  colour.  They  are  known  as 
"  Artwin  "  and  "  Barku  "  olive  oils. 

As  regards  California,  in  the  year  1899  two  and  a  half  million  olive 
trees  were  counted,  which  were  judged  to  be  able  to  furnish  over  two 
million  gallons  of  oil,  not  counting  the  olives  required  for  preserving. 
This  quantity  has,  however,  not  been  produced,^  as  the  consumption 
of  olive  oil  in  the  United  States  of  America  is  covered  to  the  greatest 
extent  by  the  importation  of  olive  oil  from  France,  Italy,  and  Spam  ; 
smaller  quantities  are  imported  from  Greece,  Portugal,  and  Austria. 
The  products  of  the  last  three  countries  are  not  only  cheaper— not- 
withstanding import  duty— but  are  also  preferred  on  account  of  their 
flavour  ;  for  most  of  the  oil  produced  in  California  has  still  a  harsh 
flavour.    This  difficulty  militates  against  the  more  rapid  expansion  of 

'  The  i»axirmii„  amount  of  olive  oil  produced  is  stated  not  to  have  exxeeded 
500,800  gallons. 


352 


GLYCERIDES — NON-DEYmG  OILS 


CHAP. 


the  industry  at  present,  but  it  is  hoped  that  it  will  be  overcome  by  the 
great  efforts  being  made  by  the  olive  growers  under  the  aegis  of  the 
Agricultural  Experiment  Station  of  the  University  of  California. 

The  production  of  oU  in  South  Australia  is  also  increasing  rapidly. 
Whilst  in  1901,  6520  gallons  only  were  produced,  the  Colony  possessed 
in  1902,  66,852  olive  trees  yieldiag  11,327  gallons  of  oil.  In  1907  the 
number  of  olive  trees  was  83,513,  and  the  oil  obtained  per  annum 
amounted  to  15,000-18,000  gallons.  The  samples  of  olive  oU  shown  at 
the  Franco-British  Exhibition  of  1909  were  practically  neutral  and 
had  an  agreeable  taste. 

From  the  above  sketch  of  the  processes  employed  for  the  production 
of  olive  oil  it  wiU  be  readily  gathered  that  the  specimens  found  in  com- 
merce must  vary  to  a  considerable  extent,  their  quality  depending  on 
many  circumstances,  such  as  the  variety  of  the  olive  tree  itself  (Italy 
alone  produces  about  300  varieties  of  the  olive),  the  climatic  conditions, 
the  natui-e  of  the  soil,  the  degree  of  ripeness  of  the  fruit,  the  manner  of 
gathering  it,  the  mode  of  expressing,  etc.  The  value  of  the  edible 
oils  in  particular  depends  on  their  limpidity,  colour,  and  especially  on 
their  taste. 

Limpidity  is  one  of  the  chief  properties  a  good  edible  oil  should 
possess.  This  is,  in  the  first  instance,  obtained  by  proper  filtering 
and  then  by  allowing  the  oil  to  deposit  all  the  "  stearine  "  that  will 
settle  out  at  such  temperatures  as  the  oil  is  required  to  withstand. 
An  oil  which  will  remain  clear  at  10°  C.  will  always  command  a  higher 
price  than  an  oil  which  becomes  turbid  or  even  sets  to  a  pasty  mass  at 
this  temperature. 

The  eoloup  of  olive  oil  varies  considerably ;  the  commercial  oils 
represent  all  shades  from  water- white  to  golden-yellow  ;  a  green  colour, 
which  is  very  pronounced  in  low-class  ohve  oils,  is  due  to  dissolved 
chlorophyll. 

The  taste  of  purest  olive  oil  is  bland  and  pleasant ;  it  varies,  how- 
ever, with  the  locahty  where  the  fruit  has  been  grown.  Thus,  the  oUs 
•  obtained  from  Tuscan  fruits  possess  a  decidedly  more  agreeable  taste 
than  those  from  Ligurian  olives.  Much  also  depends  on  tha  degree  of 
ripeness  of  the  fruits  at  the  time  of  gathering.  Therefore  purity  alone 
is  not  a  sufficient  test  in  the  valuation  of  a  sample  of  edible  olive  oil. 
An  oil  may  be  free  from  adulteration  and  still  be  an  inferior  oD,  on 
account  of  its  harsh  or  rank  or  even  nauseous  taste.  Canzoneri^ 
isolated  from  the  bitter  and  harsh  PugUa  olive  oils  eugenol,  to  which 
he  ascribes  the  harsh  taste  ;  and  further  catechol,  gallic  acid,  tannm, 
and  an  unknown  substance,  all  of  which  are  said  to  cause  the  bitter 
taste.  It  is  noteworthy  that  the  objectionable  taste  disappears  m  time. 
The  large  quantities  of  edible  oils  produced  in  Tunis  are  frequently 
admixed  with  the  best  brands  of  French  and  Italian  edible  oUs,  m 
order  to  mask  their  somewhat  harsh  taste. 

The  solid  fatty  acids  of  olive  oil  consist  of  palmitic  and  a  minute 
proportion  of  arachidic  acid.    Hehner  and  Mitchell  ^  did  not  obtain 
1  Gazz.  Ghim.  Ital.  27,  ii.  1.  ^  Analyst,  1896,  828. 
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stearic  acid  crystals  from  olive  oil ;  therefore  absence  of  stearin  must 
be  taken  as  proven. 

Holde  ^  endeavom-ed  to  resolve  the  mixed  solid  fatty  acids  of  olive 
oil  into  their  components,  and  obtained  a  small  quantity  of  an  acid  of 
the  melting  point  72-72-8°  C.  and  molecular  weight  368-7.  It  is  left 
open  to  doubt  whether  this  acid  is  lignoceric  acid  (melting  point  80-5° 
and  molecular  weight  368).  This  disposes  of  the  statement  previously 
made  by  Holde  and  Stange  ^  that  olive  oil  contains  "  oleodaturin,"  the 
"  datmic  "  acid  having  been  found  to  represent  a  mixture  of  acids 
(cp.  Vol.  I.  p.  161). 

Tolman  and  Munson^  found  the  amounts  of  solid  fatty  acids  (by 
the  lead-salt  ether  method)  in  eighteen  samples  of  Italian  olive  oils  to 
vary  from  5-0  per  cent  (in  a  Tuscany  oil  of  the  iodine  value  80-7)  to 
17-72  per  cent  (in  a  Bari  oil  of  the  iodine  value  81-2).  Thirty-eight 
CaUfornian  olive  oils  furnished  from  2-0  per  cent  (in  a  Santa  Barbara 
oil  of  the  iodine  value  84-7)  to  12-96  per  cent  (in  a  Cloverdale  oil  of 
the  odine  value  81-9)  of  solid  fatty  acids. 

These  numbers  seem  to  be  somewhat  conflicting,  but  they  dispose 
finally  of  the  statement,  first  made  by  Gerhardt,^  that  olive  oil  contains, 
as  a  rule,  about  28  per  cent  of  solid  glycerides. 

Tunisian  oils  from  Sfax  contain,  according  to  Bertainchand,^  up  to 
25  per  cent  of  solid  fatty  acids.  Hence  these  oils  deposit  "  stearine  " 
■at  4- 9°  to  -I- 10°  C.    The  following  table  supplies  some  details  : — 


Solid  Fatty 
Acids. 

Liquid  Fatty 
Acids 

Olive  oil  from  the  North  (Tunis,  Bizerte,  Cap-Bon, 
Oil  from  the  Centre  (Sousse,  Mahdia,  Monastir) 
Oil  from  the  South  (Gabes,  Gafsa,  Djerba) 

Per  cent. 
15 
21 
25 
15 

Per  cent. 
85 
79 
75 
85 

In  order  to  free  the  Sfax  oils  from  the  excess  of  "  stearine,"  it  is 
necessary  to  "  demargarinate  "  them  (cp.  Chap.  XIII.). 

The  liquid  glycerides  were  formerly  considered  to  consist  of  practic- 
ally pure  olein  (notwithstanding  a  conjecture  of  Mulder  as  to  the 
presence  of  an  unsaturated  fatty  acid  other  than  oleic),  but  Eazura  and 
Griissner  have  shown  that  the  liquid  portion  of  olive  oil  contains  also 
linolic  acid,  approximately  in  the  proportion  of  93  oleic  acid  to  7  linolic 
acid.  Hence  the  calculated  iodine  value  of  the  liquid  fatty  acids 
would  be  96-56. 

Milliau,  Berlainchand,  and  Malet  ^  found  in  Tunisian  olive  oils  from 
Bizerte,  Tunis,  Sousse,  Sfax,  and  Gafsa  the  following  respective  iodine 
values  of  the  liquid  fatty  acids  :  105-7  ;  113-4  ;  116-5  ;  118-2  ;  and 

'  IkridUe,  190.5,  1250.  Uerichte,  1901,  2406. 

•''  Journ.  Amer.  Chem.  ,Soo.,  1903,  956. 
■*  C'/umie  organique,  tomo  2,  p.  901. 

°  Bull,  de  la  Direction  de  I'Agric.  et  du  Comm.  Tunis,  1903  (viii.),  167. 
VOL.  II  2  A 
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106-  9    More  recent  results  by  Bertainchand  :  Eegion  du  Nord,  9548- 

107-  66  •   Region  du  Sahel,  98-37-109-32;   Region  de  Sfax,  103-74; 
Region  de  Gafsa,  103-5-111-95  ;  Region  du  Sud,  95-37-105-4 

The  minimum  iodine  value  of  the  liquid  fatty  acids  m  the  above- 
mentioned  eighteen  Italian  olive  oils,  examined  by  Tolma^i  and  Munson, 
was  89-8  2  (Tuscany  oil  of  the  iodine  value  80-7),  and  the  maximum 
98-4  (in  an  Abruzzi  oil  containing  13-51  per  cent  of  solid  fatty  acids). 
The  lowest  iodine  value  of  the  liquid  fatty  acids  of  the  thii-ty-eight 
Californian  olive  oils  was  88-9  (in  a  Napa  oil  of  second  expression), 
and  the  highest  iodine  value  of  the  liquid  fatty  acids  99-6  (m  a  Chico 
oU  containing  5-12  per  cent  of  soUd  fatty  acids).  .     ,i  i 

By  catalytic  reduction  of  olive  oil  with  hydrogen  and  colloidal 
pallaLm  in  the  cold  Paal  and  Roth^  obtained  a  solid  fat,  softening 
at  43°  C,  completely  liquid  at  47°  C,  and  having  the  lodme  va  ue  9. 
The  amount  of  hydrogen  absorbed  was  three  times  the  theoretical  one. 
Reduction  with  nickel  as  a  catalyst  requires  a  higher  temperature. 

Hvdrogenation  of  olive  oil  has  also  been  effected  at  an  elevated 
temperatm-e  by  means  of  osmium  dioxide,  obtained  m  the  reacting 
mass  itself  fi-om  osmium  tetroxide  (J'.  ieAmam  ^). 

Free  Fatty  Aeids.-The  best  and  finest  edible  oils  should  contam 
practicaUy  no  free  fatty  acids.  Even  the  salad  oils  ^^^f^f'f^l 
devoid  of  free  fatty  acids,  as  they  contam  as  a  rule  no  more  than  0-2-0  5 
tr  ent  of  fx-ee  fatty  acids.  Inferior  oils  exhibit  larger  amounts 
The  longer  the  oil  is  allowed  to  remain  in  contact  with  the  fleshy  part 
of  the  feuit,  the  greater  will  be  the  production  of  free  fatty  acids  (cp. 
Vol  I  p  50  .  The  exceedingly  rapid  decomposition  ohve  oil  undergoes 
when  iStln  contact  with  the  marc,  is  undoubtedly  due  to  a  ferment^ 
Indeed!  Tolomei^  isolated  a  ferment,  "  olease,"  to  the  action  of  which 
he  ascribes  the  rapid  fermentation  taking  place  m  stored  marc. 

In  order  to  show  how  the  proportion  of  free  fatty  acids  varies  with 
the  maler  of  gathering  the  frU  I  append  the  foUowmg  table  (due  to 

0.  PolUtScUlc)  p,ee  Fatty  Acids. 

,  ^    .,  Per  cent. 

Fresh  Fruit —  Q.g 

Gathered  by  hand,  fresh  ^ 

Gathered  by  hand  after  24  hours  .         •         •  '14 
Knocked  off  with  the  aid  of  poles,  fresh  .         •  • 
Knocked  ofi  with  the  aid  of  poles,  after  24  hours        .  5-4 

13   -^i.o        fPTTTient  funai  such  as  Penicillium  glaucum  and  Sac- 
has  setlnrolive'n,  like  other  oils,  becomes  rancid  on  exposure  to  the 

1  Journ.  Awer.  f 'f^^' ^j^iff 'oint  to  the  abseuce  of  linolic  acid,  sh.ce  the 

■Mils'"  i^lSJ^i'^-y^^^S?-"^^  -"'^ 

=.  JierichU,  1908,  2283  ;  1909  154/.  ^       .      ^^^^^  •  jgOG. 

1  Arohiv  d.  Pharm.,  191rf,  ZOl,  u^- 
«  C/iem.  Revue,  1907,  4. 
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atmosphere.  The  very  high  percentage  of  fatty  acids  in  bagasse  oils, 
as  also  in  siilphiu-  oils  (see  p.  346),  is  thus  readily  explained.  From  a 
very  rancid  olive  oil  Scala  ^  isolated  oenanthylic  aldehyde  ;  formic, 
acetic,  butyric,  oenanthylic  acids,  and  some  soluble  acids,  presumably 
azelaic  and  suberic  acids.  The  acetyl  value  of  an  old  commercial  oil 
was  10-6  (Lewkoivitsch).  In  the  following  table  some  further  data 
are  given. 

Free  Fatty  Acids  in  Olive  Oil 


Description  of  Sample. 

Number  of 
Samples. 

Free  Fatty  Acids 
as  Oleic  Acid. 

Observer. 

Per  cent. 

Commercial  oil  , 

49 

Less  than  5 

Archbutt 

))  »»••'• 

66 

5-10 

t  3 

>>  »)•••' 

44 

10-15 

>  1 

))  ))•••• 

1 

20-25 

)  ? 

11 

3-86-11-28 

Thomson  and 

Ballantyne 

1.     (Syrian)  . 

1 

23-88 

Moerck 

,,         ,,  (Californian) 

3 

1  ■55-8-33 

,,         ,,  (European) 

3 

0-97-1-09 

> ) 

,,               (Italian)  . 

18 

0-57-2-79 

Tolraan  and 

Munson 

„         „  (Californian) 

38 

0-20-3-51 

The  following  table,  culled  from  observations  of  Mastbaum,^  shows 
in  an  instructive  manner  the  changes  which  the  oil  undergoes  in  stored 
olives.  The  olives  were  "  bagassa  "  olives  which  had  to  be  stored, 
owing  to  the  impossibility  of  working  them  up  immediately. 


Oil  from 


Fresh  olives  ....... 

Olives  preserved  five  months — 

(a)  In  brine,  without  removing  the  brine  . 

(6)  In  running  water  .... 

(c)  In  brine,  the  brine  being  removed  at 

intervals  ...... 

(d)  By  drying  


Free  Fatty 
Acids. 


Per  cent. 
0-33 

6-72 
6-08 

23-26 
49-02 


Iodine 
Value. 


76-3 

76-6 

76-  7 

77-  2 
77-7 


Acetyl 
Value. 


4-8 

10-1 
15-6 

25-1 
30-9 


Olive  oils  containing  more  than  5  per  cent  of  fi-ee  fatty  acids  are 
not  .suitable  for  lubricating  purposes  ;  they  are  also  unsuitable  for 
burning,  as  they  cause  charring  of  the  wick. 

The  unsaponifiable  matter  in  olive  oil,  as  in  all  vegetable  oils,  is 
phytosterol.  The  minimum  and  maximum  amounts  of  unsaponifiable 
matter  recorded  for  a  large  number  of  samples  are  0-46  and  1-42  per 
cent  respectively. 


■  .S'te.  Sperim.  Ar/ric.  fled.  30,  613. 
Cliem.  lievtic,  1904,  66  ;  cp.  also  Lewkowitsoh,  Jahrbuch  d.  Chem.,  1904  (.\iv.), 
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In  a  "  fine  Malaga  "  olive  oil  Archhutt  found  1-3  per  cent  of  im- 
saponifiable  matter  melting  at  4:l°-42°  C.  and  having  the  iodine  value 
259.  In  some  de-acidified  ptilp  oil  the  same  observer  found  2-49  per 
cent  of  unsaponifiable  matter  having  the  specific  gravity  (at  60°  F.) 
0-9346,  melting  point  50-5°-52-5°  C,  iodine  value  105-4  (another  specimen 
had  the  iodine  value  158-9),  yield  of  mixed  acetates  105-2  per  cent 
(saponification  value  85-3  and  melting  point  35°-38°  C). 

Olive  oil  is  the  type  of  a  non-drying  oil.  Hence  it  shows  in  the 
Maumene  test,  as  also  in  the  heat  of  bromination  test,  the  smallest  rise 
of  all  vegetable  oils,  and  absorbs  also  the  lowest  amoimt  of  oxygen  in 
Livache's  test  (Vol.  I.  p.  471).  The  lower  qualities  become  more  readily 
oxidised  ;  hence  "  olive  oil  grease  "  contains  notable  amounts  of  lactones 
as  also  of  oxidised  fatty  acids.  At  higher  temperatures  even  good  olive 
oils,  if  spread  on  lead  powder,  become  oxidised. 

The  influence  which  blowing  with  air  at  100°  C.  exercises  was 
examined  by  Procter  and  Holmes  ^  with  the  following  result : — 


Hours. 

Specific  Gravity. 

Refractive  Index. 

Iodine  Value. 

Original  oil  . 

0-912 

1-4695 

86-0 

J31owu  oil  . 

3 

0-913 

1-4696 

86-0 

)  >      ) )      •       '  • 

6 

0-913 

1-4697 

82-0 

J »           M            •             •  • 

9 

0-913 

1-4698 

80-0 

J»           »)            *  • 

12 

0-913 

1-4699 

80-0 

15 

0-914 

1-4700 

79-0 

J  )  ») 

)y        1 )         •  ■ 

18 

0-914 

1-4700 

79-0 

Hit         •  ' 

21 

0-915 

1-4700 

79-0 

) )           M            *              '  • 

24 

0-918 

1-4701 

76-0 

On  account  of  its  comparatively  high  price  olive  oil  is  adulterated 
to  an  enormous  extent.  How  far  the  blending  of  various  olive  oils 
of  different  qualities  should  be  considered  as  sophisticated  must  be 
decided  in  each  given  case.  Undoubtedly  "  finest  Nice  oil,"  prepared 
by  blending  a  genuine  Nice  oil  with  Tunisian  or  other  olive  oil,  must 
be  considered  as  of  inferior  quality.  But  since  purely  chemical  tests  are 
incapable  of  deciding  this  question,  which  is  readily  settled  by  the  taste 
and  by  taste  alone,  an  analyst  without  special  experience  ia  that 
durection  would  have  to  pass  such  oil  as  genuine  Nice  oil. 

Even  in  judging  the  quality  of  commercial  olive  oils  which  are  free 
from  admixture  with  other  oUs,  discrimination  as  to  quality  is  important. 
The  amount  of  free  fatty  acids  alone  is  no  longer  decisive,  inasmuch  as, 
especially  during  latter  years,  owing  to  the  failure  of  the  harvest,  low- 
class  oils  have  been  brought  up  to  neutrality  by  eliminating  the  free 
fatty  acids.2  These  oils,  however,  retain  some  impurities  which  cannot 
be  removed  in  the  de-acidifying  process.  Such  impurities  are,  in  addition 
to  oxidised  oil,  a  high  amount  of  unsaponifiable  matter.  Archhutt 
examined  a  number  of  such  de-acidified  "  pulp  oils  "  with  the  result 
set  out  in  the  following  table  : —  

1  Journ.  Soc.  Cliem.  Ind.,  1905,  1287. 

2  Op.  T.  Lupieri,  Italian  patent  339/76/111,913,  1909. 
"  Journ.  Soc.  Chem.  Ind.,  1911,  5. 
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The  amount  of  oxidised  acids  was  not  determined. 
Furthermore,  the  qualities  of  the  oils  are  lowered  by  admixing 
with  them  either  such  de-acidij&ed  oils  or  even  sulphur  olive  oils. 
A  method  for  the  detection  of  sulphup  olive  oil  in  expressed  olive 

011  has  been  based  by  Halphen  ^  on  the  conversion  of  sulphur  compounds 
into  thiosulphates,  which  remain  in  solution  when  the  soap  is  salted 
out  by  sodium  sulphate.    Fifty  c.c.  of  the  sample  are  saponified  with 

12  c.c.  of  a  solution  of  100  grams  of  pure  sodium  hydroxide  in  75  c.c. 
of  water,  by  heating  to  110°  G.  in  a  porcelain  basin.  The  heating  is 
then  continued  until  the  mass  ceases  to  froth,  the  temperature  reaching 
then  about  160°  C.  The  mass  is  continually  stirred  until  the  temperature 
has  fallen  to  110°  C.  The  finely  granulated  soap  is  dissolved  in  200  c.c. 
of  hot  water,  and  the  solution  agitated  until  cold.  The  solution  is  then 
shaken  with  100  c.c.  of  a  saturated  solution  of  sodium  sulphate,  after 
which  20  c.c.  of  a  33  per  cent  solution  of  copper  sulphate  are  introduced, 
and  the  liquid  thoroughly  stirred  and  filtered.  The  object  of  adding  the 
copper  sulphate  is  to  convert  into  soluble  copper  salts  foreign  substances 
occm-ring  in  certain  expressed  olive  oils,  which  give  a  brown  precipitate 
with  silver  nitrate.  If  the  filtrate  is  not  faintly  green,  it  should  be 
treated  with  an  additional  0-2  c.c.  of  the  copper  sulphate  solution  and 
again  filtered.  To  100  c.c.  of  the  clear  filtrate  there  are  then  added  5  c.c. 
of  a  solution  consisting  of  1  part  of  a  5  per  cent  solution  of  silver  nitrate, 
with  5  parts  by  volume  of  glacial  acetic  acid,  and  the  whole  is  gently 
heated  to  the  boiling  point,  then  cooled,  and  rendered  slightly  alkaline 
with  ammonia.  In  the  presence  of  sulphur  olive  oil  a  brown  or  black 
precipitate  is  obtained. 

E.  Milliau  ^  recommends  saponifying  the  oU  with  concentrated 
potash,  adding  a  little  sodium  bicarbonate  and  decomposing  with 
hydrochloric  acid.  The  gas  evolved  from  oils  containing  0-05  per  cent 
of  carbon  bisulphide  blackens  lead  acetate  paper.  However,  oUs 
which  have  been  heated  previously  for  one  hour  at  130°  C.  no  longer 
blacken  lead  acetate  paper.  In  such  cases  Milliau  distils  50  grms.  of 
the  oil  with  10  c.c.  of  amylalcohol,  collects  5  c.c.  of  the  distillate,  and 
mixes  this  with  a  quarter  of  its  volume  of  neutralised  kapok  oil  and  a 
few  cgms.  of  powdered  sulphur  in  a  sealed  tube  in  boiling  water,  when 
oils  contairung  only  0-1  per  cent  of  carbon  bisulphide  are  stated  to  give 
a  deep  red  colouration.  (The  method  rests  on  the  principle  that  the 
reducing  substances  of  kapok  oil  or  cotton  seed  oU,  which  give  rise  to 
the  Half  hen  reaction,  are  not  removed  by  distillation.) 

In  the  following  lines  adulteration  with  other  oils  than  lower  quality 
oUve  oils  will  be  considered.  Oils  that  are  usually  employed  for  this 
purpose  are  sesame,  rape,  cotton  seed,  soya  bean,  poppy  seed,  arachis, 
and  even  lard  oils.  OUve  oils  sold  under  fancy  names  are,  as  a  rule, 
adulterated. 

The  tables  of  characteristics  contain  a  very  exhaustive  list  of 
numbers,  so  that  by  carefully  scrutinising  them,  methods  for  the 

'  Jou/rn.  Pharm.  Chini.,  1905  (xxi.),  54. 

2  Compt.  rend.,  1911  (153),  1021  ;  cp.  also  M.  Cussoii,  Ann.  des  falsi/.,  1909 
(2),  409  ;  F.  Marre,  Rev.  g&n.  chim.  pure  et  appl,,  1912,  174. 
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examination  of  a  given  sample,  suspected  of  being  adulterated,  can 
be  derived.    It  is  therefore  only  necessary  to  emphasise  the  most 

^^^The^s^eme  gravity  of  olive  oil  ranges  from  0-916  to  0-918  at 
15°  C  but  may  rise  to  0-920  in  the  case  of  commercial  oils  expressed 
at  a  higher  temperature.  Oils  of  high  specific  gravity  usually  exhibit 
a  dark  colour.  The  influence  of  fi-ee  fatty  acids  on  the  specific  gravity 
may  be  gathered  fi-om  the  table  given  Vol.  I.  p.  313,  which  must, 
however,  not  be  taken  as  representing  typical  results.  If  the  specific 
gravity  of  a  pale  olive  oU  is  above  0-918,  it  must  be  looked  upon  with 
suspicion,  i.e.  as  possibly  adulterated  with  sesmne,  cotton  seed,  oi  poppy 
seed  oils.  Adulteration  with  rape  or  aradiis  oil  is  not  mdicated  reliably 
by  the  specific  gravity. 

The  melting  and  solidifying  points  of  the  fatty  acids  (titer 
test)  also  furnish  useful  indications  as  to  the  purity  of  an  olive  oil^  It 
would  however,^  be  hazardous  to  draw  too  far-reachmg  results  from 
this  test.  Hence  the  tabulated  observations  recorded  m  the  second 
edition  of  this  work  have  been  omitted  here. 

The  iodine  test  constitutes  the  most  valuable  means  of  detectmg 
adulteration.    Olive  oil  has  nearly  the  lowest  iodine  absorption  of  a,ny 
oil  that  might  be  used  for  adulteration.    As  a  rule,  the  lodme  value 
of  an  olive  oil  should  lie  between  81-6  to  84-5.    There  occur,  however, 
undoubtedly  genuine  oHs,  the  iodine  values  of  which  exceed  these 
numbers.    Thus  the  oH  from  the  Colombaio  olive  reaches  86,  oiltrom 
some  Portuguese  varieties  (sevilhana,  man9annha,  cordovil)  87  {Klem), 
CaUfomian  oils  88,  and  in  the  case  of  a  Dalmatian  oil  as  high  a  figure 
as  92-8  was  obtained  (this  has  been  even  .exceeded  by  an  olive  oil  from 
the  Punjab,  of  the  iodine  value  93-67       Still,  these  cases  are  notable 
exceptions,  and  an  oil  with  an  iodine  value  exceeding  85  must,  as  a  rule, 
be  looked  upon  with  suspicion.    With  regard  to  Tunisian  and  Algerian 
oils,  the  table  given  on  p.  363  shows  that  genuine  oils,  having  what 
may  be  termed  the  normal  iodine  value  of  olive  oU,  occur  side  by  side 
with  oils  characterised  by  exceptionally  high  iodine  values.    It  would, 
however,  not  be  permissible  to  generalise  as  Marcille    has  done  who 
from  a  systematic  examination  of  genuine  olive  oils  produced  m  Tunis, 
concludes  that  the  iodine  value  from  90  to  92  may  be  taken  as  character- 
istic of  this  class  of  oil.  •  t  i 

Paparelli  ^  studied  the  causes  of  the  variability  of  the  iodine  values, 
and  arrived  at  the  following  conclusions  :— The  more  mature  the  olives 
the  higher  is  the  iodine  absorption  of  the  oU.  Old  and  rancid  oil  has, 
as  a  rule,  a  slightly  lower  number  than  fresh  oil.  The  method  of  pre- 
paring the  oil  has  also  its  influence.  Oil  from  the  pulp  absorbs  slightly 
less  iodine  than  that  obtained  by  grinding  pulp  and  "  pits  "  together  ; 
oils  extracted  by  solvents  show  lower  values  than  expressed  oils  ;  again, 
oils  from  pits  are  characterised  by  higher  numbers  than  oils  fi-om  tho 

1  Thomson  and  Dunlop,  Analyst,  1906,  282.    A  Mogador  oil  absorbing  94-3  per  cent 
of  iodine  may  actually  liave  been  a  speiymon  of  "  Argan  Oil    (see  p. 
'■'  ylnn.  chim.  umd.  njipL,  1907,  12,  188. 
='  Journ.  Soc.  Cliem.  hid.,  1892,  848. 
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fresh  fruit.  The  greatest  variation,  however,  is  due  to  the  variety  of 
the  ohve  tree  from  which  the  fruit  is  obtained. 

In  the  absence  of  abnormal  oils,  a  high  iodiae  absorption  may 
indicate  adulteration  with  as  little  as  5  per  cent  of  a  drying  oil  (poppy 
seed,  hemp  seed,  soya  bean  oH)  or  15  per  cent  of  sesami,  cotton  seed, 
and  rape  oils.  Less  positive  results  are  obtained  in  the  presence  of 
arachis  oil,  as  the  lowest  values  recorded  for  that  oil  almost  coincide 
with  the  highest  value  observed  for  olive  oU. 

It  may  be  pointed  out  that  the  iodine  values  of  the  semi-solid  and 
of  the  liquid  portions  into  which  olive  oil  separates  on  partial  solidifica- 
tion almost  coincide  {Goldberg''-). 

The  saponification  value  only  leads  to  definite  results  (in  the 
absence  of  mineral  oils)  if  large  quantities  of  rape  oil  are  present. 

In  the  elaidin  test  olive  oil  yields  of  all  oils  the  hardest  elaidin, 
and  requires  the  shortest  time  for  solidification.  The  elaidin  reaction 
can  however  only  be  used  as  a  preliminary  test.  The  effect  of  an 
addition  of  rape  or  cotton  seed  oil  to  olive  oU  is  shown  in  the  following 
table  compiled  from  observations  published  by  Archbutt  :  2— 


Kind  of  Oil. 

Minutes  required  for 
Solidification,  at  25°  C. 

Consistence. 

Olive  oil +  10  per  cent  of  rape  oil 

,,      +10       ,,       cotton  seed  oil 
+20 

230 
320 

From  9  to  Hi  hours 
From  9  to  1]|  hours 
More  than  11^  hours 

Hard,  but 
penetrable 

1  Buttery 

1  Very  soft 
/  butter 

Regarding  the  proposal  to  measure  the  effect  of  a  foreign  oil  on 
the  hardness  of  the  elaidin  quantitatively  by  using  Legler's  method 
(Chap.  V.  p.  362),  it  should  be  borne  in  mind  that  olive  oil,  after  ex- 
posure to  sunlight  for  a  fortnight,  no  longer  yields  a  solid  elaidin  (Gintl). 
Farnsteiner  ^  has  shown  that  the  amount  of  oleic  acid  converted  into 
elaidic  acid  depends  greatly  on  the  conditions  under  which  nitrous 
acid  acts  on  the  oil.  Indeed,  the  amount  of  unchanged  liquid 
acid  varies  so  much  in  different  experiments  that  no  quantitative 
method  can  be  based  on  the  conversion  of  oleic  acid  into  elaidic  at 
present. 

In  the  thermal  reaetions  olive  oil  gives  lower  values  than  any 
other  vegetable  oil.  Lengfeld  and  Paparelli  assert  that  there  exists  a 
proportionality  between  the  iodine  number  and  the  Maumen^  test  of 
olive  oil,  the  oil  of  the  highest  iodine  value  giving  the  greatest  rise  of 
temperature.  Their  results,  arranged  by  the  author  according  to  the 
magnitude  of  the  iodine  values,  do  not,  however,  bear  out  fully  the 
correctness  of  this  rule. 


'  .Jimrn.  Soc.  Ghem.  Ind.,  1897,  447. 

^  Zeits.f.  [Inters,  d.  Nahrg-  u.  Oenussin,,  1899,  8. 


•■^  Ibid.,  1886,  308. 
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Olive  Oil. 
No, 

Iodine  Value. 

Maumend  Test. 

1 

'7*7  .OQ 

35 

0 

Q  O 

/  0  4^ 

33-5 

0 

la  OX 

33-5 

7Q  .CO 

34 

5 

/  y  01) 

36 

0 

/  y  oo 

34-5 

7 

C  A  'QA 

BU  OU 

37 

Q 

o 

Bi  40 

38 

Q 

oi  OU 

35 

10 

81-70 

34 

11 

83  -35 

37-5 

12 

85-44 

36-5 

13 

87-15 

41 

TortelU  ^  claims  for  the  results  obtainable  -mth  his  tliermoleoineter 
(see  Vol.  I.  p.  484)  such  great  accuracy  as  to  render  the  determination 
of  the  iodine  value  superfluous.  In  the  author's  opinion  this  conclusion 
is  tantamount  to  begging  the  question.  ^  Moreover,  TortelU  overlooks 
adulteration  with  animal  oUs. 

The  proportionality  between  iodine  number  and  heat  of  bpomlna- 
tion  test  is  shown  in  the  following  table  {Archhutt)  :  ^ — 


Olive  Oil. 

Iodine  Value. 
Per  cent. 

Heat  of  Broraination. 
°C. 

Malaga 

78-4 

14-2 

78-7 

13-55 

78-9 

13-8 

Malaga 

79-3 

13-8 

81-4 

14-2 

81-4 

14-35 

Gallipoli 

82  0 

14-4 

1 » 

82-1 

14-5 

82-5 

14-5 

1 

84-2 

14-45 

An  examination  of  the  unsaponiflable  matter  in  an  olive  oil  *  free 
from  fraudulent  admixtures  with  mineral  oils  is  required  if  admixture 
of  lard  oil  be  suspected,  the  presence  of  which  would  be  unmistakably 
detected  by  the  phytosteryl  acetate  test.    The  alcohol  in  the  unsaponifi- 

'  BoUelino  chimico  formaceuticn,  1904,  193. 
Lewkowitsch,  Jakrbiiah  d.  Chem.,  1904  (xiv.),  438. 
Jonrn.  Soc.  (Jheiii.  Jnd.,  1897,  311. 

-*  Tt  should  be  noted  tliat  in  Germany  olive  oil  i.s  "denatured"  with  rosemary  oil, 
wluch  of  course  increason  the  amount  of  unsaponiliablc  matter. 

'  Although  adulteration  with  mineral  oil  had  almost  disai)i)uarud,  no  doubt  owing  to 
its  easy  deteotion,  cases  of  adulteration  witli  mineral  oil  were  recorded  in  1910  and 
1911.  A.  Cutolo,  IMleMno  della  SockUX  di  N(dii,ralisU,  in  NapoU,  anno  XXII I.,  vol. 
xxiii.,  1910.  Curiously  enougli  Cutolo  recommends  a  colour  reaction  for  the  detection 
of  mineral  oil  in  olive  oil. 
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able  matter  from  olive  oil  melts  at  135-5°-136-5°  C.  {Bomer),  135°-135-5° 
C.  {Gill  and  Tufts).    Its  acetate  melts  at  120-3°-120-7°  C.  {Gill  and  Tufts). 

Green  olive  oils  should  be  tested  for  eoppep,  which  may  have  been 
added  intentionally  in  the  form  of  a  salt,  or  may  have  been  absorbed 
from  the  soil  or  leaves  treated  with  "  Bordeaux  mixture."  Copper  is 
best  detected  in  the  manner  described  above  (Vol.  I.  Chap.  IV.). 

In  the  following  liaes  I  collate  the  most  useful  tests  for  the  detection 
of  those  oUs  which  occur  as  adulterants  ^  in  commercial  olive  oils  : — 

1.  Apaehis  Oil. — Iodine  absorption  ;  as  a  rule,  the  amount  of 
iodine  absorbed  wiU  be  higher  than  that  of  normal  olive  oil.  Determina- 
tion of  arachidic  acid  (see  "  Arachis  OH,"  p.  310). 

Tortelli's  statement  that  an  arachis  oil  free  from  arachidic  acid  can 
be  prepared  by  demargarinating  is  not  borne  out  by  the  author's 
experiments.  Several  samples  of  demargarinated  arachis  oil  examined 
in  the  author's  laboratory  still  contained  considerable  proportions  of 
arachidic  acid,  sufficient  to  render  easy  the  detection  of  an  admixture  of 
such  arachis  oil  to  olive  oU. 

In  order  to  ascertain  definitely  whether  genuine  Tunisian  olive  oils 
did  contain  such  considerable  amounts  of  arachidic  acid — viz.  0-34- 
0-87  per  cent — as  some  commercial  "  guaranteed  pure  "  Tunisian  oils 
gave,  an  examination  was  made  by  Archbutt  ^  of  undoubtedly  genuine 
Tunisian  and  of  Algerian  oils  procured  by  the  author  and  Bontoux, 
with  the  result  set  out  in  the  following  table  : — 

1  It  may  be  pointed  out  that  adulterated  olive  oils,  especially  olive  oils  for  techuical 
purposes,  have  agaiu  appeared  in  the  market  in  considerable  quantities.  In  Italy  it 
has  been  found  necessary  for  the  protection  of  the  olive  oil  industry  to  promulgate  a  law 
(in  1908)  aiming  at  the  repression  of  frauds  in  the  olive  trade. 

2  Journ.  Soc.  Chem.  Ind.,  1907,  453  ;  1185. 
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In  Eenard's  aracliidic  acid  test  the  following  results  were  obtained  : 
— Tunisian  Oils,  Nos.  1  and  2,  gave  some  crystals  at  15°  C.  No.  3  gave 
only  a  trace,  and  No.  4  none.  After  filtering  and  washing,  the  first 
crystals  from  No.  1  left  0-0123  grm.  of  acids  of  melting  point  55-6°  C. 
On  recrystallising  from  10  c.c.  of  90  per  cent  alcohol,  nothing  separated 
after  standing  one  hour  at  15°  C.  In  a  second  experiment  with  oil 
No.  1  only  0-0007  grm.  remained  after  washing  the  crystals  which  had 
separated  at  15°  C. 

10  grms.  of  oil  No.  2  gave  0-001  grm.  fatty  acid  at  15°  C.  after 
washing.  From  10  grms.  of  the  oils  Nos.  5,  6,  7,  8,  9  no  "  arachidic 
acid  "  was  obtained.  On  the  first  crystallisation  of  the  solid  acids, 
from  90  per  cent  alcohol  at  15°  C,  small  quantities  of  crystals  were 
obtained  from  oUs  Nos.  5,  8,  and  9,  and  a  considerable  quantity  from 
Nos.  6  and  7.  After  filtering  and  washing  with  90  per  cent  alcohol  the 
following  amoxmts  remained  : — 


No.  5  .  .  .  -0014  grm. 

No.  6  .  .  -0105  grm.  of  melting  point  56-7°  C. 

No.  7  .  .  .  -0018  grm. 

No.  8  .  .  .  -0102  grm.  of  melting  point  55-6°  C. 

No.  9  .  .  .  -0025  grm. 


On  recrystallising  the  acids  Nos.  6  and  8  from  5  c.c.  of  90  per  cent 
alcohol  nothing  separated  even  after  standing  for  more  than  an  hour 
at  4°  C. 

The  last  twelve  samples  yielded  no  trace  of  arachidic  or  lignoceric 
acid.  In  contradistinction  to  the  Tunisian  oUs,  none  of  the  solid  fatty 
acids  from  Algerian  oils  yielded  even  traces  of  a  crystalline  precipitate 
from  a  solution  of  90  per  cent  alcohol  at  15°  C. 

Adulteration  even  of  commercial  olive  oUs  with  arachis  oil  is  at 
present  on  the  increase.  In  the  case  of  residuum  oils,  Archhutt  ^ 
obtained  positive  indications  with  Bellier's  quahtative  test,  without, 
however,  being  able  to  isolate  aracliidic  acid.  The  presence  of  this 
flocculent  precipitate  he  ascribes  to  the  large  amounts  of  unsaponifiable 
matter  which  these  oils  contain. 

2.  Sesame  Oil. — Specific  gravity  ;  iodine  absorption  of  the  oil  and 
of  its  liquid  fatty  acids  ;  and  Baudouin's  test  (see  "  Sesame  Oil,"  p.  220). 
In  order  to  avoid  errors  caused  by  abnormal  oUs,  such  as  Tunisian,  etc., 
the  liquid  fatty  acids  should  be  examined.  The  oils  enumerated  in 
table  on  p.  363  were  examined  in  the  author's  laboratory  with  Villa- 
vecchia  and  Fabris's  furfural  solution  (cp.  p.  220  ).  No.  6  gave  no 
colouration  whatever,  whereas  No.  8  gave  a  very  distinct  colour  test. 
No.  5  of  the  Algerian  oils  gave  a  distinct  colour  test,  whereas  No.  11 
gave  no  colouration.^    The  other  oils  gave  very  faint  colourations  only. 

3.  Cotton  Seed  Oil.— Specific  gravity;  melting  point  of  fatty 
acids,  iodine  absorption  of  the  oil,  iodine  value  of  the  liquid  fatty  acids. 
Colour  reactions  as  confirmatory  tests  (p.  203). 

'  Journ.  Soc.  Chain.  Tnd.,  1911,  6. 

2  Cp.  R.  Marcille,  Ann.  des  falsi/.,  1909,  224  ;  Zega  and  Todorovic,  Ghem,  Zeil., 
1909,  103. 
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It  should  be  borne  in  mind  that  some  genuine  olive  oils  give  the 
Becchi  reaction  very  distinctly  [TortelU  and  Ruggeri) ;  in  doubtful 
cases,  the  liquid  fatty  acids  should  therefore  be  tested.  It  should 
further  be  remembered  that  heated  cotton  seed  oil  fails  to  give  the 
Halphen  and  Becchi  tests. 

As  an  illustration  of  how  far  it  is  possible  to  detect  adulteration  by 
examining  the  liquid  fatty  acids,  I  have  calculated  the  following  table, 
in  which  the  iodine  values  of  the  liquid  fatty  acids  of  the  mixtures 
named  are  worked  out  for  the  lowest  and  highest  values  of  olive  and 
cotton  seed  oils  respectively. 


Olive  Oil. 

Cotton  seed 
Oil. 

Iodine  Value  of  Liquid  Fatty  Acids. 

Per  cent. 

Per  cent. 

I. 

IlL 

IV. 

100 
95 
90 
85 
80 
0 

0 
5 
10 
15 
20 
100 

95 

97-6 
100-2 
102-8 
105-4 
147 

95 

97-8 
100-6 
103-4 
106-2 
151 

104 

106-15 

108-3 

110-45 

112-6 

147 

104 

106-35 

108-7 

111-05 

113-4 

151 

It  will  be  seen  that  by  this  test  alone,  small  quantities  of  cotton 
seed  oil  cannot  be  detected  ;  still  more  difl&cult  is  its  detection  if  arachis 
oil  be  present. 

4.  Rape  Oil. — Iodine  absorption  of  the  oil  and  of  the  liquid  fatty 
acids  ;  melting  and  solidifying  porats  of  the  mixed  fatty  acids  ;  saponi- 
fication value  and  iodine  value  of  the  "  solid  "  fatty  acids  (see  p.  257). 
With  regard  to  arachidic  acid  cp.  p.  256.  A  method  for  the  detection 
of  rape  oil  by  fractional  precipitation  of  the  fatty  acids  with  lead 
acetate  is  given  by  Kreis,^  who  claims  to  be  able  to  show  the  presence 
of  as  Uttle  as  5  per  cent  of  rape  oil  thereby. 

5.  Castor  Oil.  —  Specific  gra-\dty ;  acet^jl  value ;  (cp.  also  10)  be- 
haviour with  solvents. 

6.  Cureas  Oil  (used  in  Portugal,  according  to  Hiepe,  as  an 
adulterant  of  olive  oil).— Iodine  absorption.  Admixtures  of  even 
10  per  cent  are  said  to  be  detected  by  the  intense  reddish-brown  coloura- 
tion the  sample  assumes  a  short  time  after  treatment  with  nitric  acid 
and  metallic  copper  (in  the  elaidin  test). 

7.  Lard  Oil. — Melting  point  of  fatty  acids ;  -^dscosity  ;  odour  of 
lard  on  warming.    Phytosteryl  acetate  test. 

8.  Drying  Oils.— Iodine  value.    Thermal  tests.    Bromide  test. 

9.  Fish  Oils. — The  detection  of  fish  oil  in  olive  oil  is  required  in 
the  case  of  olive  oil  intended  for  preserving  sardines,  etc.  (Since  the 
body  oil  of  the  sardine  becomes  intermixed  with  the  olive  oil  used  for 
preserving  the  fish,  fish  oils  are  contained  to  some  extent  in  olive  oil 


'  Chem.  /cil.,  1913,  877. 
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drawn  from  tlie  tins  containing  preserved  fisli.^)  Fish  oils  are  detected 
by  the  taste  and  smell,  especially  on  warming,  and  notably  by  the  high 
iodine  value  of  the  sample.  In  doubtful  cases  the  isolation  of  insoluble 
brominated  fatty  acids  must  be  resorted  to.  If  required  the  oil  must  be 
tested  for  the  presence  of  metals  dissolved  from  the  tias.^ 

H.  Bull  and  L.  Saether  ^  attempt  to  determine  approximately  the 
quantity  as  also  the  nature  of  the  oil  used  in  the  preservation  of  sprats. 
The  principle  of  their  method  is  based  on  the  determination  of  the 
insoluble  bromides  both  in  the  body  oil  of  the  preserved  sprats  and  in 
the  outer  oil  contained  in  the  tins.  It  must  be  noted  that  several 
assumptions  are  made  which  most  seriously  interfere  with  the  correct- 
ness of  the  conclusions  drawn  from  the  results.  The  body  oil  is  best 
prepared  by  washing  the  sprats  with  a  little  ether  to  remove  the  adher- 
ing outer  on,  dryiag  slightly,  crushing  the  sardiaes  ia  a  mortar,  and 
expressing  in  a  press.  This  method  is  preferable  to  extraction  with 
ether  which  furnishes  an  emulsion. 

10.  Grape  Seed  Oil,  stated  by  Tortelli  to  be  used  for  the  adultera- 
tion of  olive  oil,  would  be  detected  by  a  notable  acetyl  value  of  the 
sample  ;  cp.  also  "  5.  Castor  Oil." 

11.  Maize  Oil,  also  stated  by  Tortelli  to  be  used  for  adulterating 
olive  oil,  can  be  detected  by  the  high  iodine  value  of  the  sample  and 
of  its  liquid  fatty  acids.  The  pronounced  "  grainy  "  taste  of  maize  oU 
would  preclude  its  use  as  an  adulterant  of  the  edible  qualities  and 
restrict  its  employment  to  the  adulteration  of  commercial  oils. 

12.  Hydrocarbons.  —  Determination  of  unsaponifiable  matter. 
Adulterants  falling  under  this  class  are  :  colourless  vaseline  and  mineral 
oUs. 

When  testing  a  suspected  olive  oU,  it  should  be  borne  in  mind  that 
the  adulterator  has  kept  pace  with  the  progress  of  analytical  methods, 
and  that,  in  order  to  render  detection  more  difficult,  he  no  longer  uses 
one  single  oil,  but  prefers  a  mixture  of  several  oUs.  Thus  olive  oil  is 
frequently  adulterated  with  8  to  10  per  cent  of  a  mixture  consisting 
of  equal  parts  of  poppy  seed,  cotton  seed,  sesame,  and  arachis  oUs 
{Jean  In  a  case  of  this  kind  the  determination  of  the  iodine  value 
of  the  liquid  fatty  acids  will  fiu-nish  the  first  and  most  important  in- 
dication, after  the  presence  of  sesame  oil  has  been  ascertained  by  means 
of  the  Baudouin  test. 

The  uses  of  olive  oil  have  been  incidentally  mentioned  in  the  fore- 
going pages.  It  need,  therefore,  only  be  briefly  pointed  out  that  the 
better  qualities  of  olive  oU  are  used  in  enormous  quantities  as  an  edible 

1  Thus  an  olive  oil  of  the  iodine  value  78-9,  employed  for  preserving  sardines,  and 
taken  from  the  tins  after  two  months,  one  year,  and  two  years,  absorbed  99-02,  109-05, 
and  126-2  per  cent  of  iodine  respectively. — Klein,  Zcits.  f.  angeiv.  Chem.,  1900,  559. 
Similarly,  an  oil  of  the  iodine  value  84-9  used  in  the  preservation  of  sprats  and  taken  from 
the  tins  after  one  year,  sliowed  the  iodine  value  97-2. — Henseval  and  Deny,  Trav.  de  la 
Station  Maritime  A  Ostende,  1903. 

2  Cp.  G.  Salomone,  Oiorn.  Farm.  Chim.,  55,  241. 

3  Cliem.  Zeit.,  1910,  732. 

■*  Arinal.  de  chim.  anal.,  1898,  218. 
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oil— the  edible  oil  par  excellence.  Very  large  quantities  of  good  ed.ible 
oils  are  exported,  chiefly  from  Bari,  for  the  preservation  of  sardines, 
sprats,  etc.  Lower  qualities  are  used  in  the  arts  as  burning  oils,  lubri- 
cating oils  (for  this  purpose  de-acidified  pulp  oUs  came  into  the  market, 
cp.  above,  p.  356),  wool  oils,  and  soap  oils.  High  class  medicinal  soaps 
are  made  chiefly  from  the  best  commercial  olive  oils.  Textile  soaps  of 
the  best  quality,  such  as  soaps  for  degumming  sUk  and  for  washing 
best  woollen  cloth,  are  made  from  bright  commercial  oils.  Soaps  for 
these  purposes  are  either  "  hard  "  or  "  soft."  Calico  printers  require, 
for  the  best  class  of  goods,  soaps  made  exclusively  from  olive  oil.  For 
textile  soaps  (as  also  for  household  soaps  in  the  South  of  Europe)  the 
highly  acid  bagassa  oils,  "olive  oil  grease,"  and  sulphur  olive  oils 

are  used.  .  •  n     -u i 

"  Olive  oil  grease  "  which,  as  stated  above,  contams  considerable 
amounts  of  lactones,  as  also  of  oxidised  acids,  is  thereby  enabled  to 
retain,  after  saponification  with  caustic  soda,  a  larger  amount  of  water 
than  pure  olive  oil,  and  is  therefore  used  by  itself  for  the  manufacture 
of  soap  containing  less  than  63  per  cent  of  fatty  acids.  It  is  also  used 
extensively  in  Marseilles  in  the  manufacture  of  mottled  soap  {Savon 
marbre  de  Marseilles),  and  generally  in  the  South  of  Europe  in  admixture 
with  arachis  and  sesame  oil  in  larger  or  smaller  quantities,  according 
to  colour  and  quality,  for  the  manufacture  of  household  soap. 

The  "  sulphur  olive  oils  "  do  not  contain  such  large  amounts  of 
oxidised  acids  as  do  the  pulp  oils,  and  very  small  amounts  of  lactones 
only.  The  "  sulphur  oils  "  are  easily  saponified  on  account  of  their  high 
proportion  of  fatty  acids,  and  yield  a  hard,  green  (due  to  the  presence 
of  chlorophyll)  soap,  which  is  used  to  a  considerable  extent  in  the 
textile  industry  in  this  country,  and  is  mostly  sold  as  a  soap  contain- 
ing 60  per  cent  or  at  most  62  per  cent  of  fatty  acids.  As  its  green 
colour  helps  to  difierentiate  it  easily  from  other  textile  soaps,  the 
colouration  of  textile  soaps  from  other  "  stock  "  with  green  colouring 
matters  has  gained  some  vogue.  In  Southern  Europe  the  sulphur 
oils  are  very  largely  used  in  the  manufacture  of  household  soaps. 

The  use  of  olive  oil  in  the  industry  of  artificial  leather  is  extending.^ 
The  introduction  of  sulphonated  oils  (Vol.  III.  Chap.  XV. )  has  greatly 
reduced  the  consumption  of  the  tournant  olive  oil  (see  above,  p.  346). 


OLIVE  KERNEL  OIL 

French — Uuile  de  noyaux  d'olive.  German — Olivenkerndl. 
Italian — Olio  di  noccioli  d'  oliva. 

For  table  of  characteristics  see  p.  369. 

Olive  kernel  oil  is  the  oil  obtained  (by  pressure  or  extraction)  from 
the  seeds  contained  in  the  olive  stones.    What  had  been  formerly 

»  Cp.  J.  Wallner,  Chem.  ZciL,  1910,  23. 
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described  as  olive  kernel  oil  was  a  highly  rancid  olive  oil  containing 
such  quantities  of  olive  kernel  oU  as  would  be  expressed  from  the  seeds 
on  grinding  the  marc  and  crushed  kernels  with  water  (p.  345 1)  in  the 
second  and  third  expressions. 

Olive  kernel  oil  obtained  by  expression  in  the  cold  has  a  golden 
yellow  colom- ;  the  oil  expressed  in  the  hot  possesses  a  greenish  tint, 
whereas  kernel  oil  extracted  with  solvents  is  dark  green,  no  doubt 
owing  to  the  presence  of  chlorophyll. 

The  taste  of  the  expressed  oil  is  sweetish,  somewhat  resembling 
that  of  almond  oil,  without,  however,  possessing  the  characteristic 
bland  taste  of  olive  oil. 

The  kernels  constitute  about  2-5  per  cent  of  the  weight  of  the  entire 
fruit ;  they  yield  from  25  to  28  per  cent  of  oil. 

Olive  kernel  oil  contains  about  10  per  cent  of  solid  fatty  acids, 
amongst  which  were  identified  stearic  and  palmitic  acids,  but  not 
arachidic  acid.  The  chief  constituent  of  the  liqmd  fatty  acids  is  oleic 
acid  ;  small  quantities  of  linolic  acid  also  occur  in  the  oil. 

The  freshly  expressed  oil  is  practically  free  from  fatty  acids.  If 
the  expressed  mass  is  allowed  to  dry  and  then  extracted  with  solvents, 
an  oil  containing  a  high  proportion  of  free  fatty  acids  is  obtained, 
owing  to  hydrolysis  having  occurred  during  the  prolonged  contact  of 
the  oil  with  the  organic  matter. 

The  solubility  of  the  oil  in  alcghol  does  not  materially  differ  (in 
contradistinction  to  former  statements)  from  that  of  olive  oil. 

In  other  respects  also  the  oil  closely  resembles  oUve  oil.  Olive 
kernel  oil  naturally  occurs  in  those  olive  oils  which  have  been  obtained 
from  olive  marc  crushed  together  with  the  kernels. 

Klein  proved  by  special  experiments  that  the  belief  prevalent 
amongst  olive  growers,  that  crushing  of  the  kernels  together  with  the 
marc  causes  olive  oil  to  turn  rancid  easily,  is  groundless.  MingioU  ^ 
arrived  at  conclusions  diametrically  opposed  to  those  of  Klein,  but 
Marcille  ^  has  confirmed  Klein's  conclusions.  Marcille  proved  by 
experiments  that  the  kernels  contain  an  enzyme  which  acts  on  their 
non-fatty  constituents  (starch,  sugar,  glucosides),  whilst  exhibiting 
an  extremely  feeble  lipolytic  action.  Hence  the  very  short  time 
during  which,  in  practice,  the  broken  kernels  remain  in  contact  with  the 
olive  pulp  can  have  no  deteriorating  influence  on  the  quality  of  the 
olive  oU. 

The  press  residue  from  olive  kernels  should  yield  a  good  feeding 
cake  ;  indeed,  where  the  kernels  are  kept  separate  from  the  broken 
shells,  the  cakes  obtained  on  pressing  are  used  for  feeding  purposes. 
The  broken  shells  are  used  as  fuel.  Proposals  have  been  made  frequently 
to  work  up  these  residues  for  the  production  of  acids,  methylalcohol, 
acetone,  etc.,  by  subjecting  them  (together  with  the  exhausted  olive 
marc  residues)  to  a  process  of  dpy  distillation  (cp.  p.  347). 

1  Klein,  Jov/m.  Soc.  Chem.  Ind.,  1868,  1055, 

BoUetino  della  Socield  degli  Agricoltori  italiani,  1906. 
^  Bulletin  de  la  Direction  de  I' J  gricullure  du  Commerce  et  de  la  Colonisation,  Tunis, 
1907.    Cp.  French  patenta  399,341  and  399,342,  Las  Induslrias  del  Olivo. 
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Physical  and  Chemical  Characteristics  of  Olive  Kernel  Oil 


Oil  obtained  by 

Specific 
Gravity. 

Saponiflcation 
Value. 

Iodine 
Value. 

Refractive 
Index. 

Observer. 

At  15°  C. 

Mgrms.  KOH. 

Per  cent. 

At  25°  C. 

Expression  of  fresh  kernels 

0-9184-0-9191 

182-3-183-8 

86-99-87-8 

1-4682-1.4688 

Klein 

Drying  and  subsequent  ex- 
traction of  the  pressed 
kernel  .... 

0-9193 

181-2 

87-1 

1.4673 

CALOPHYLLUM  OIL 

French — Huile  de  Calophyllum.  German — Kalophyllumol. 
Italian — Olio  di  Calophyllum. 

For  table  of  characteristics  see  p.  370. 

Calophyllum  oil  is  obtained  from  the  nuts  of  Calophyllum  ino- 
phyllum,  L.  {  =  Balsamaria  inophyllum,  L.),  a  tree -"^  indigenous  to 
tropical  Asia  and  the  coast  of  East  Africa.  The  nuts  described  by 
Hooper  are  Indian  nuts,  and  the  oil  is  known  in  India  as  "  Laiu'el  Nut 
on,"  "  Domba  Oil,"  and  "  Alexandrian  Laurel  Oil."  ^  The  oil  is  also 
known  under  the  names  "  Poonseed  Oil,"  "  Tacamahac  Fat  "  (Eeunion, 
Nossi-be),  from  C.  Tacamahaca,  "  Njamplung  Oil,"  "  Calaba  Oil " 
(Martinique  and  Guadeloupe),  from  C.  Calaba.  Another  local  name 
for  the  oil  is  "  Pinnay  Oil." 

In  the  examination  of  a  large  consignment  of  nuts  of  Calophyllum 
inophyllum  the  author  ^  found  them  to  consist  of  62-9  per  cent  of  shells 
and  mesocarp  and  37-1  per  cent  of  kernels.  The  latter  yielded  by 
expression  in  the  hot  (in  a  hydraulic  press)  35-6  per  cent  of  oil. 

The  specimen  of  oil  examined  by  Fendler  *  was  obtained  from 
Calophyllum  nuts  exported  from  the  island  Yap  (Jap,  Carolines).  The 
kernels  yielded  from  50-5  to  55  per  cent  of  an  oil  containing  about  15 
per  cent  of  a  green  resin,  removable  by  treatment  with  a  solution  of 
sodium  carbonate.  The  characteristics  obtained  for  the  oil,  containing  15 
per  cent  of  theresin  (havingthe  neutralisation  value  198),  are  given  in  the 
table  (p.  370).  This  crude  oil  had  the  acid  value  28-45,  and  yielded  0-25 
per  cent  of  unsaponifiable  matter.  In  the  Livache  test  the  oil  absorbed 
after  18  hours  0-25  per  cent  oxygen,  and  after  136  hours  1-84  per  cent. 

The  characteristics  of  the  oil,  freed  from  resin,  are  also  given  in  the 
table  (p.  370). 

The  oil  consists  of  the  glycerides  of  palmitic,  stearic,  and  oleic  acids. 

The  natives  use  the  oil  for  medicinal  and  illuminating  purposes. 
Recently  efforts  have  been  made  to  introduce  this  oil  under  the  name 
of  "  Ndilo-oil  "  (Udilo  Oil,  Dilo  Oil)  as  a  specific  against  rheumatism. 
Owing  to  the  poisonous  properties  of  the  oil,  and  especially  of  the  resin 
contained  in  the  crude  oil,  it  cannot  be  used  as  an  edible  oil. 

The  wood  i.s  frequently  sold  as  Indian  Mahogany. 
Cp.  4th  edition  of  thi.s  work  Vol.  II.,  table  facing  p.  192. 
■  Unpubli.shed  observations.  •*  /ljpoi!/iete- .^eii.,  1905,  No.  1 . 
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COFFEE  BEREY  OIL 

Freach — Huile  de  cafe.  German — Kaffeehohnenol. 
Italian — Olio  di  caffe. 

For  tables  of  characteristics  see  p.  372. 

Coffee  berry  oil — obtained  by  extracting  coffee  berries  with  solvents 
{Caffea  arahica,  L.) — has  an  intense  greenish-brown  colour  and  a  faint 
odour  of  raw  coffee.  On  roasting  the  berries  the  oil  is  very  little 
changed.  Hilger  and  Juckenach,^  state  that  the  loss  of  oil  on  roasting 
the  berries  amounts  to  9  to  10  per  cent ;  berries  glazed  with  sugar 
lose  about  20  per  cent.  Java  berries  yielded  on  extraction  with 
petroleum  ether  9  per  cent  of  oil  {Warmer  ^). 

According  to  H.  Meyer  and  A.  Eckert,  stearic  acid  does  not  occur 
in  coffee  berry  oil ;  the  mixed  fatty  acids  are  stated  to  consist  of  50 
per  cent  of  linolic,  2  per  cent  of  oleic,  25-28  per  cent  of  palmitic,  0-5 
per  cent  of  capric,  1-lJ  per  cent  of  daturic  acid,  and  10  per  cent  of 
carnaiibic  acid.^  In  the  author's  opinion  the  carnaiibic  acid  found  by 
H.  Meyer  and  A.  Eckert  ^  must  have  been  derived  from  coffee  berry  wax 
(see  "  Vegetable  Waxes  "  below),  which  was  extracted  together  with 
the  oil,  for  that  specimen  of  coffee  berry  oU  yielded  no  less  than  21-2 
per  cent  of  imsaponifiable  matter. 

•  1  Analyst,  1897,  287. 

2  Pharvi.  Weekblad,  1907  (44),  1080. 

3  Monatsh.f.  Ghem.,  1910  (31),  1227. 

•*  Cp.  Juhrbuchd.  Ghem.,  1910  (xx.),  424. 


[Table 


72 


GLYCERIDES 


I — NON-DRYING  OILS 


OHA)'. 


Observer. 

OH 

•i 

13 
cS 

P 

a 

2« 

^  tn 

is 

o 

53-55 

Iodine  Value. 

Per  cent. 

85-89-87-34 
(78-65) 
85-3-86-8 

85 
SOl-91-2 

Saponification 
Value. 

W 
o 
M 

CO 

c 

to 

166-1-173-37 

176-2-177-3 
177-6 

Melting 
Point.  ^ 

d 

0 

as 
db 

Solidifying 
Point. 

d 

o 

CO  CO  CD 

ui  CO  lo 

V 

U3 

m 

?  (M 

o 

<a 
t-i 
O 
o 

r-l  O 

lO 

o 

Spe 

■Oo  1 

< 

>5 

O 


I 

o 

o 

O 

e 
e 

O 


IB 


a 


cS  c8 


03 


to 

» g 

&. 

-  C3 

t" 

-  o 


t<3 


a"* 


CO 

CO  u 
00  ^ 

§ 


1^ 


> 


Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty 


Solidifying  Point 

Melting  Point. 

Neutralisation  Value. 

lodiuB  Value. 

-c. 

•0. 

Mgnns.  KOH. 

Por  cent. 

36-34 

38-40 

172-178 

88 -82 -90 -35 
(81-8) 

xtv 


BEN  OIL 


.373 


BEN  OIL 


Fvench—Huile  de  hen.  German— 5e^e«6L    Italian— Oito  di  hen. 
For  tables  of  characteristics  see  p.  374. 

Ben  oil  occurs  in  the  seeds  of  the  ben  nut  from  Moringa  pierygo- 
sperma,  syn.  oleifera,  and  Moringa  aptera,  Gart.i  The  Moringa  trees 
are  indigenous  to  India,  Arabia,  and  Syria,  and  were  introduced  mto 
Jamaica  from  the  East  Indies  in  the  year  1784.1  Moringa  pterygosperma 
has  also  been  found  in  Northern  Nigeria,  and  in  Dahomey.  The  root 
has  a  horse-radish  like  taste  and  is.  eaten  in  India  by  the  Europeans 
in  place  of  horse-radish.  Hence  the  tree  is  known  as  "  Horse-radish 
tree." 

The  Jamaica  seeds  consist  of  40  per  cent  of  husks  and  60  per  cent 
of  kernels.  Genuine  ben  oil  from  Jamaica  gave,  on  filtering  at  17°  C, 
60  per  cent  of  liquid  material,  and  40  per  cent  of  a  nearly  white  solid  fat. 
A  specimen  of  the  latter  obtained  by  the  author  ^  from  the  Imperial 
Institute  represents  at  the  ordinary  temperature  a  whitish  or  yellowish- 
white  translucent  mass  melting  at  about  25°  C.  Other  specimens 
described  in  the  table  of  characteristics  are  liquid  at  the  ordmary 
temperature,  and  some  "  stearme  "  separates  from  them  on  standing 

at  about  0°  C.  .  . 

Northern  Nigerian  seeds  submitted  to  the  author  by  the  Imperial 
Institute  contained  33-27  per  cent  of  oU.  The  seeds  consisted  of  8 
per  cent  of  husks  (forming  a  light-coloured  skin),  and  92  per  cent  of 
kernels,  so  that  the  shelled  kernels  would  yield  36-16  per  cent  of  ben 
oil ;  on  the  average  552  seeds  weigh  100  grams. 

These  seeds  were  expressed  in  two  stages  on  a  semi-large  scale, 
and  yielded  a  cold  pressed  oil  and  a  hot  pressed  oil.^  The  examina- 
tion of  these  two  oUs  in  the  author's  laboratory  gave  the  following 
numbers : — 


Cold-pressed  crude 
Bon  'Oil. 

not-preased  crude 
Bon  Oil. 

Specific  gravity  at  40°  C.  water  at  40°  =  1 
A.cid  value        .       .       .       ■  • 
Saponification  value  .       .        .  • 
Unsaponifiable  matter 
Iodine  value      .       .       .       •  • 
Titer  test  of  the  fatty  acids 

0-9018 
49-71 
179-2 

1  -67  per  cent 
100-3 
32°  G. 

0-8984 
100-5 
'  178-7 

2-69  per  cent 
88 

38-2°  C. 

1  Bn/l.  Imp.  TnsL,  1904,  117. 

Lewkowitscli,  Analyst,  1903,  343. 
"  With  regard  to  the  composition  of  the  cakes  see  Bull,  Imp.  Inst,  1908,  361. 
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Eefined  ben  oil  has  a  slightly  yellowish  colour,  is  odourless,  and 
has^a  sweet  taste. 

Ben  oil  is  stated  to  consist  of  the  glycerides  of  oleic,  palmitic,  and 
stearic  acids,  and  of  a  solid  acid  of  high  melting  point ;  according  to 
Vohher}  this  acid  is  identical  with  behenic  acid,  melting  point  76°  C. 
[arachidic  acid  ?].  The  phytosterol  isolated  from  ben  oil  by  L.  van 
ItalUe  2  and  C.  H.  Nieuwland  melted  at  131-135°  C. 

In  the  East  ben  oil  serves  as  a  cosmetic  ;  it  used  to  be  employed  in 
the  "  maceration  "  process  for  extracting  perfumes  from  flowers. 


Physical  and  Chemical  Characteristics  of  Ben  Oil 
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°C. 

"De- 
grees." 

15-5 

»  > 

0-91998  » 
0-91840  * 
0-91267  6 

8-8' 

185-  6  * 

186-  17- 
187-7  « 

184-6  3 

111-  8  » 
109-9  4 

72-2 « 

112-  6'' 
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JJ 
JJ 
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60-5  8 
59-0* 
50-0  « 
59-0'' 

Lewko-witsch 
jj 
j> 
>» 
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Solidifying  Point. 

°  C.    Titer  Test. 

Observer. 

37 -2-37 -8 

Lewkowitsch 

On  the  strength  of  experiments  made  in  Kingston,  Jamaica,  in  1817, 
ben  oil  was  considered  an  exceedingly  valuable  oil  for  delicate  machinery, 
and  was  credited  with  the  property  of  not  readily  turning  rancid. 
From  the  above-given  notes  (supported  by  experiments  made  in  the 
author's  laboratory  with  refined  oil)  this  assumption  must  be  looked 
upon  as  erroneous.  Ben  oil  becomes  rancid  just  like  any  other  oil, 
having  the  same  consistence  and  composition,  the  state  of  rancidity 
of  a  given  specimen  depending  on  the  manner  in  which  it  has  been  kept. 
The  oil  if  properly  refined  would  yield  a  good  edible  oil,  and  should  be  a 
valuable  lubricating  oU  for  delicate  machinery  if  kept  properly. 


1  U&\}\s'e.  Annal.,  1847  (64),  342. 

^  Freed  from  "  Stearine." 

'  Oil  from  Morinya  plerygospentia. 


2  Arch.  d.  Plmmu,  1906  (244),  169. 
■*  Portion  solid  at  0°. 
*  Commercial  oil. 


XIV 


STROPHANTHUS  SEED  OIL  SENEGA  ROOT  OIL 


375 


STROPHANTHUS  SEED  OIL  ^ 

Yxench—Huile  de  strophante.  Gevm.a.n—Strop}iantusdl. 
Italian — Olio  di  strofanto. 


Physical  and  Chemical  Characteristics  of  Strophanthus  Seed  Oil 


Specific  Gravity. 

Solidifying 
Point. 

Melting 
Point. 

Saponifica- 
tion Value. 

Iodine 
Value. 

Observer. 

AfC. 

°  C. 

°C. 

Mgrms. 
KOH. 

Per  cent. 

13 

0-9254 

187-9 

73-02 

Mjoen  1 

15 

0-9249 

-6 

+  2 

194-6 

101-6 

Bjalobrzewski^ 

This  oU  is  obtained  from  the  seeds  of  Strophanthus  hispidus,  which 
contain  22  per  cent  of  oil.^  The  oil  has  a  brownish-green  colour, 
appearing  yellowish-brown  by  transmitted  light. 

The  sample  examined  by  Bjalobrzewski,  containing  12  per  cent  of 
free  fatty  acids,  yielded  traces  of  a  volatile  oil.  Amongst  the  volatile 
acids  formic  acid  was  identified  ;  from  the  insoluble  fatty  acids  oleic, 
stearic,  and  arachidic  acids  were  isolated  (by  fractional  distillation  of 
the  ethylic  esters). 

The  melting  point  of  the  insoluble  fatty  acids  was  28°-30°  C. 


SENEGA  ROOT  OIL 

Yvench—Huile  de  Polygala  de  Virginie.  Gevman—Senegawurzelol. 

Italian — Olio  di  Senega. 

The  oil  contained  in  the  roots  of  Polygala  Senega,'^  L.,  to  the  extent 
of  4-55  per  cent,  is  readily  soluble  in  the  usual  solvents  ;  it  dissolves 
with  difficulty  in  xylene,  and  is  only  partially  soluble  in  petroleum  ether. 

The  specimen  examined  by  Schroeder  contained  12-8  per  cent  of 
unsaponifiable  matter  ;  this  consisted  chiefly  of  resinous  substances, 
insoluble  in  petroleum  spirit.  The  volatile  fatty  acids  are  stated  to 
contain  valeric  acid,  and  also  salicylic  acid.  The  acid  value  of  the  oil 
was  37-9,  and  its  acetyl  value  34-46. 

The  unsaturated  fatty  acids  had  the  iodine  value  82-4.  The  saturated 
fatty  acids  melted  at  61°  C.  after  repeated  recrystallisation  ;  their  mean 

1  Mjiicn,  Arch.  d.  Pharm.,  1894  (234),  283.  For  a  description  of  the  several 
Strophantic  species  found  in  East  Africa  cp.  K.  Braun,  Dcr  PJlanzer,  1910,  291. 

2  .hum.  fioc.  ahem.  Iiul.,  1901,  817.  .  ,      ^  , 

3  According  to  "  Riedel's  "  commercial  reports,  1913,  33,  extraction  witli  petroleum 
ether  yields  from  31-4  to  32-3  per  cent  of  oil. 

A.  Hchroeder,  Arch.  d.  Pharm.,  1906  (244),  638,  and  Journ.  Soc.  Chem.  Ind., 
1906,  128. 
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molecular  weight,  was  260.  The  composition  of  the  Senega  root  oil  is 
given  by  bchroeder  as  foUows  :— unsaponifiable  matter  12-78  per  cent  • 
palmitm,  7-9  per  cent ;  olein,  79-3  per  cent.  The  high  Reichert-WoUny 
value  IS  m  conflict  with  the  saponification  value. 


Physical  and  Chemical  Characteristics  of  Senega  Root  Oil 


Specific  Gravity. 

Saponification 
Value. 

Iodine  Value. 

Keichert-Woolny 
Value. 

Insoluble  Acids 
+  Unaaponiflal)le. 

At°C. 

Mgrais.  KOH. 

Per.  cent. 

c.c.  ,V  norm. 
KOH. 

Per  cent. 

18 

0-9616 

193-8 

81-8' 
78-4  2 

6-43  (?) 

85-8 

LYCOPODIUM  OIL 

Eathje  ^  obtained,  by  extracting  lycopodium  spores  with  chloroform, 
49-2  per  cent  of  a  bright  yellowish-green  oil,  having  the  following 
characteristics  : — 


Oil— 

Specific  gravity  .....  0-93617 

Saponification  value     ....  195-0 

Iodine  value      .         .          .          .         .  §1-0 

Reichert-Meissl  value    ....  7-3 

True  acetyl  value         .         .         .         .  44.1 

Refractive  index          ....  1-4671 

Unsaponifiable  matter  ....  0-43  per  cent 

Fatty  Acids — 

Fatty  acids+ unsaponifiable  matter  .         .  88-0  per  cent 

Melting  point     .....  39°-40°  C. 

Neutralisation  value     ....  202-0 

Mean  molecular  weight           .         .         .  278-0 

Iodine  value      .....  91-8 

Iodine  value  of  the  liquid  fatty  acids          .  98-7 


The  extracted  oil  had  the  acid  value  18-6.  According  to  Rathje, 
the  on  contains  "  lycopodic  acid,"  81  per  cent ;  dihydroxystearic 
("  lycopodium  acid  "),  3-2  per  cent ;  small  quantities  of  stearic  and 
palmitic  (about  1  per  cent  of  each),  and  about  2  per  cent  of  myristic 
acid.  [It  should  be  pointed  out  that  the  proportions  of  solid  acids 
were  determined  by  Partheil  and  Ferie's  (faulty)  lithium  salt  method.] 
The  nature  of  the  volatile  acids,  which  must  be  present  in  notable 
quantities,  was  not  investigated. 

'  Oil  ooiitnining  tlio  unsaponifiable  matter. 
*  Oil  free  from  the  unsaponifiable  matter. 
'■>  Arch.  d.  Plmrm.,  1908,  699. 
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STERCULIA  OIL — OIL  OF  JAVA  OLIVES  ^ 

French — Huile  de  Sterculia  ;  huile  de  V olive  de  Java.  German — 
Sterculiaol  {Java  Olivendl).  Italian — Olio  di  Sterculia ;  olio 
d'  oliva  di  Java. 

For  tables  of  characteristics  see  p.  379. 

This  on  is  obtained  from  the  seeds  of  Sterculia  foetida,  L.,  a  tree 
widely  distributed  in  the  Dutch  Indies,  Indo-China,  the  East  Indies, 
and  the  Malayan  Archipelago.  It  is  cultivated  in  these  countries, 
as  also  in  Guayana  (Cayenne)  on  account  of  its  wood  (which  in  its  green 
state  has  an  unpleasant  smeU,  and  is  therefore  termed  in  the  trade 
"  bois  puant  "  (stinking  wood).  The  seeds  are  known  in  commerce 
as  "  Olives  of  Java,"  "  Kaloempang  beans,"  "  Beligno  seeds,"  or 
"  Sterculia  kernels." 

The  average  weight  of  a  seed  is  2-4  grms.  They  are  covered  with 
an  outer  parchment-like  easily  removable  skin  of  violet  or  blackish 
colour.  Below  the  skin  is  found  a  dark  fleshy  mass — pulp — which 
adheres  to  the  husk  of  the  pleasantly  tasting  kernel. 

Wedemeyer  ^  obtained  from  the  skin  and  pulp  by  extraction  (the 
nature  of  the  solvent  is  not  stated)  9-8  per  cent  of  a  yeUow  buttery  fat, 
and  from  the  kernels  46-6  per  cent  of  a  liquid,  light  yeUow  oil.  The 
whole  seeds  yielded  30-3  per  cent  of  a  liquid,  light  yeUow  oil.  Greshoff^ 
found  58-65  per  cent  of  oil  in  the  dry  seeds  (which  originally  contained 
7-8  per  cent  of  water).  The  characteristics  placed  in  the  tables  against 
Wedemeyer  refer  to  an  oil  obtained  from  the  whole  seeds  by  expression. 
This  expressed  oil  is  of  a  pale  yellowish  colour.  Wedemeyer's  specimen 
contained  2-6  per  cent  of  free  fatty  acids,  and  1-7  per  cent  of  unsaponifi- 
able  matter.  The  acetyl  value  of  the  mixed  fatty  acids  (determined 
by  Benedikt  and  Ulzer's  faulty  method)  was  23-5. 

Bontoux  ^  examined  separately  the  oils  obtained  from  the  pulp  and 
kernels  of  seeds  furnishing  17  per  cent  of  skin  and  pulp,  30  per  cent  of 
husks,  and  53  per  cent  of  kernels.  The  skin  and  pulp  yielded  by 
extraction  with  carbon  bisulphide  28-6  per  cent  and  the  kernels  53-6 
per  cent  of  oil  respectively.  The  fatty  matter  obtained  from  the  former 
was  a  light  yellow  pasty  mass,  becoming  clear  on  warming  above  30°  C. 
The  expressed  fat  has  a  pleasant  odour  and  taste. 

Flooper  ^  ascertained  the  following  characteristics  of  a  Java  almond 
oil  from  kernels  yielding  34  per  cent  of  oil : — 


'  Since  the  name  "Java  Olives"  appears  misleading,  I  prefer  to  name  this  oil 
"Sterculia  Oil." 

^  Zeiis.f.  Unters.  d.  Nahrgs-  u.  Oenussm.,  1906  (xii.),  p.  210. 
■■'  Ohcm.  Zeit.,  1906,  856. 

*  Lewlcowitsch,  Technolofjie  et  analyse  cMmiqties  dci  Imiles,  graii.ien  et  circs, 
traduit  par  E.  Bontoux,  vol.  ii.  p.  902. 

"  Annual  Report,  Indian  Museum,  1907-1908,  p.  13. 
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Oih- 

Specific  gravity  at  30-5°  C.     .         .         .  0-919 

Saponification  value     ....  199-3 

Iodine  value      .....  83'0 

Fatty  Acids — 

Insoluble  acids4  unsaponifiable         .         .         95-6  per  cent 
Titer  test  31-5°  C. 

The  extracted  kernel  oil  is  liquid,  but  slightly  viscous  ;  the  expressed 
oil  has  a  somewhat  insipid  taste  and  odour,  recalling  that  of  earth.  Oil 
obtained  by  expression  or  by  extraction  with  petroleum  ether  is  yeUow, 
whereas  oil  extracted  with  carbon  bisulphide  exhibits  a  fine  cherry-red 
colour.  This  colouration  must  be  due  to  the  action  of  traces  of  sulphur 
in  the  solvent,  for  in  the  Halphen  test  both  the  expressed  oil  and  that 
extracted  with  petroleum  ether  give  a  very  intense  cherry-red  colour. 

The  oil  obtained  by  extraction  or  by  expression  from  the  whole  seed 
is  liquid  and  slightly  viscous.  It  has  the  same  colour,  taste,  and  odour 
as  the  kernel  oil  (of  which  it  contains  more  than  85  per  cent),  but 
on  standing  "  stearine  "  separates  at  the  ordinary  temperature.  The 
characteristics  of  the  pulp  oil  and  of  the  kernel  oil  are  given  separately 
in  the  tables. 

The  most  characteristic  property  of  the  kernel  oil,  which  is  shared 
by  the  whole  oil  but  not  by  the  pulp  oil  (Bontoux),  is  its  behaviour  (first 
observed  by  Wedemeyer)  on  heating  to  24:0°-245°  C,  when  it  is  suddenly 
converted,  with  spontaneous  generation  of  heat,  into  an  india-rubber- 
like,  solid  substance.  If  a  somewhat  large  quantity  (about  1000  grms.) 
of  the  oil  be  heated,  the  spontaneous  generation  of  heat,  if  not  prevented 
by  cooling,  causes  the  oil  to  ignite  and  become  carbonised  throughout 
its  whole  mass.  If  the  oil  be  heated  for  a  short  time  to  240°  C.  and  the 
temperature  be  not  aUowed  to  rise  above  250°  C,  a  tough  india-rubber- 
like  substance  is  obtained,  which  remains  elastic  on  exposure  to  the  air, 
and  is  insoluble  in  the  usual  solvents.  No  doubt  this  property  is  due 
to  a  process  of  polymerisation  similar  to  that  of  castor  oil.  It  cannot, 
however  be  caused  exclusively,  as  in  the  case  of  castor  oU,  by  hydroxy- 
lated  fatty  acids,  as  the  acetyl  value  of  the  fatty  acids  from  the  kernel 
oH  determined  by  Lewkowitsch' s  method,  was  only  18-8  {Bontoux). 
The  extraordinary  rise  of  temperature  in  the  Maumene  test  (see  table 
of  characteristics)  would  seem  to  offer  some  clue  as  to  the  characteristic 
behaviour  of  the  oil  on  heating ;  very  likely  some  unknown  fatty  acids 
are  contained  in  sterculia  oH,  an  indication  of  which  is  also  given  by 
variation  of  the  saponification  and  iodine  numbers  (see  tables  of  char- 
acteristics), and  by  the  exceptionally  low  neutralisation  value  of  the 
insoluble  fatty  acids  (cp.  Vol.  III.  "  Polymerised  Sterculia  Oil  ). 

In  a  Soleil-Ventzke  polarimeter  (in  a  200  mm.  tube)  very  slight  rota- 
tion was  observed.  The  viscosity  in  Engler's  viscosimeter  was  6-52  at 
20°  C 

In  Java  the  oU  is  used  by  the  natives  for  culinary  purposes,  and  as 
a  burning  oil. 
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The  seeds  from  Slerculia  appendiculata,  K.  Schum.,  a  tree  growing 
to  a  height  of  200  to  300  ft.  in  Usambara  (East  Africa),  consists  of  45  per 
cent  of  shell  and  55  per  cent  of  kernel.  The  latter  yields  28-76  per  cent 
of  oil ;  the  whole  seed  gives  15-82  per  cent.  The  oil  is  pale  yeUow  and 
on  standing  some  "  stearine  "  separates. 

C.  Grimnie  ^  ascertained  the  following  characteristics  : — 

OiT— 

SoUdlfying  point  .... 
Saponification  value 
Iodine  value  .... 
Refractive  index  at  20°  C. 
Unsaponifiable  matter 

Fatty  Acids — 

Insoluble  fatty  acids  +  unsaponifiable  matter 
Melting  point  .... 
Neutralisation  value 
Mean  molecular  weight 
Iodine  value  .... 
Refractive  index  at  40°  C. 

TROP^OLUM  OIL^ 

French — Huile  de  cresson  d'Inde.  German — Tropaeoluniol. 
Kapuzinerkressendl.  Italian — Olio  di  tropeolo. 

The  oil  obtained  from  the  seeds  of  TropcBolum  majus,  L.,  is  a  buttery 
mass,  melting  at  a  slightly  elevated  temperature.  On  standing,  a  very 
considerable  portion  crystallises  from  the  oil ;  the  crystals  consist  of 
pure  trier ucin. 

The  iodine  value  of  tropseolum  oU  is  73-75  ;  since  this  value  differs 
but  slightly  from  the  theoretical  number  of  trierucin — 72-2 — ^the  oil 
may  be  considered  as  consisting  chiefly  of  trierucin. 


PARADISE  NUT  OIL 

French — Huile  de  noix  de  paradis.  German — ParadiesJcdrnerdl. 
Italian — Olio  di  nod  del  paradiso. 

For  table  of  characteristics  see  p.  381. 

The  kernels  of  Lecythis  Zabucajo,  Aubl.,  L.  ollaria,  L.  {QuateU 
Zabucajo),  a  large  tree  belonging  to  the  Myrtacece,  and  indigenous  to 
Guiana  and  Brazil,  contain  from  50  to  51  per  cent  of  oil. 

The  fruit  known  as  "  sapucaia  nut"  grows  in  almost  the  same 
manner  as  does  the  Brazil  nut,  but  the  kernel  is  larger,  its  skin  is  slightly 
wrinkled,  and  its  taste  somewhat  sweeter  than  that  of  the  "  Para  ' 

1  Ohem.  Jievue,  1910,  180. 

2  These  numbers  mufit  be  accepted  with  reserve. 

3  Gadamer,  Arch.  d.  Pharm.,  1899,  273,  472. 

*  De  Negri,  Joum.  Soc.  Ohem.  Ind.,  1898,  1156. 


-2°  C. 
185-0 
82-4 
1-4729 

C-39  j)er  cent 

91-12 

34°-35° 
175-2  2 
320-6  2 

86-7 
1-4630 
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(Brazil)  nut.  The  tree  is  found  nearly  all  over  Brazil,  and  the  kernels 
are  greatly  estimated  as  an  article  of  food.  Hence  such  small  con- 
signments as  arrive  in  the  markets  of  Manaos  or  Belem  are  usually  sold 
privately  and  very  little  is  exported.  The  sapucaia  nuts  arrivmg 
occasionally  in  this  country  are  also  sold  under  the  name  of  "  Brazil 
nuts." 

The  characteristics  given  in  the  table  were  determined  by  Be  Negri, 
with  an  oil  obtained  from  Sapucaia  nuts  by  extraction  with  petroleum 
ether.  The  oil  was  slightly  yellow,  odourless,  and  had  an  insipid  taste  ; 
its  acid  value  was  3-19.  It  was  insoluble  in  cold  glacial  acetic  acid, 
but  dissolved  in  an  equal  volume  of  the  hot  acid.  De  Negri  found  the 
acetyl  value  of  44-08,  this  number  must,  however,  be  accepted  with 
reserve. 


Physical  and  Chemical  Characteristics  of  Paradise  Nut  Oil 


Specific 
Gravity. 

Solidify- 
ing Point. 

Saponification 
Value. 

Iodine 
Value. 

Refractive  Index. 

Observer. 

Butyro-refracto- 
meter. 

At  15°  C.  * 

°C. 

Mgrms.  KOH. 

Per  cent. 

At  15°  C. 

0-895  (?) 

4 

173-6 

71-64: 

61-3-61-5 

De  Negri 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Solidifying  Point. 

Melting  Point. 

Iodine  Value. 

Observer. 

"C. 

°C. 

Per  cent. 

28-5 

37-6 

72-3 

De  Negri 

SECALE  OIL 

French — Huile  de  seigle  ergote.  German — Mutterlcorndl. 
Italian — Olio  di  segala  cornuta. 

Secale  oil  is  obtained  from  Secale  cornutum,  which  yields  by  ex- 
traction 30  per  cent  of  a  brownish-yellow  oil  having  the  following 
characteristics : — 


[Table 
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OU— 

Specific  gravity  . 
Solidifying  point 
Saponihcation  value  . 
Iodine  value 
Reichert-Meissl  value 
True  acetyl  value 
Butyro-refractometer  " 

at  25°  C.  . 
Refractive  index 
Maumen6  test 
Unsaponiflabie  . 

Fatty  Acids — 
Insoluble  acids  +  unsaponiflabie 
Solidifying  point 
Melting  point  .... 
Neutralisation  value  . 
Iodine  value  .... 
Iodine  value  of  the  liquid  fatty 
acids  


Mjoen.i 


0-9254  at  13°  C. 

178-4 
71-1 
0-20 


96-3 
39-5'-42°  C. 


Fabris  and  Settimj.si 


0-927  at  15° 
-10°  C. 
191-4 
74-6 


65 
51°"  C. 


98-5  per  cent  (?) 
30°-31°  C. 
37°-38°  C. 

75-8 

104 


Rathje." 


0-9250  at  15°  C. 

178-4-180-2 
73-4-74-5 
0-61-0-67 
27-44 


1-4685 
0-36  per  cent 

95-8-96-6 

38°-39°  C. 
183 
77-2 

82-2 


The  insoluble  fatty  acids  consist,  according  to  Fabris  and  Settimj, 
of  64  per  cent  of  liquid  and  46  per  cent  of  solid  acids.  This  agrees  much 
better  with  the  melting  point  of  the  mixed  fatty  acids  than  does  Eathje's 
statement  that  the  oil  contains  5  per  cent  of  palmitic,  68  per  cent  of 
oleic,  and  22  per  cent  of  "  hydroxyoleic  "  acids. 


CANARI  OIL* 

French — Huile  de  Canari.  German — Canariol. 
Italian — Olio  di  Canari. 

For  table  of  characteristics  see  p.  384. 

"  Java  almond  oil  "  is  obtained  from  the  seeds  of  Canarium  commune, 
L.  (Bursera  paniculata,  Ija,m.,  =  Colophonia  mauritiana,  D.  C),  a  tree 
indigenous  to  the  Moluccas  and  Malabar  ;  it  is  cultivated  in  tropical 
Asia,  where  the  seeds  serve  as  a  foodstuff  in  place  of  sweet  almonds 
(which  they  resemble  in  shape  and  taste).  One  thousand  air-dried 
seeds  weigh  5934-3  grms.,  yielding  809-8  grms.  (13-64  per  cent)  kernels. 
One  thousand  kernels  weigh  520  grms. 

The  seeds  yield  on  extraction  with  solvents  65-7-68-6  per  cent  of  oU  ; 
the  extracted  meal  contains  34-7  per  cent  of  proteids.  On  pressing 
the  seeds,  56-1  per  cent  of  oil  was  obtained.^  The  oU  extracted  from 
the  kernels  has  a  pale-yellow  colour  and  a  pleasant,  mild  taste.  At 
15°  C.  "  stearine  "  commences  to  separate.  The  unsaponiflabie  matter 
in  the  oil  amounts  to  0-44  per  cent.  The  acid  value  of  the  specimen 
examined  by  Wedeme^jer  was  22-8,  its  acetyl  value  is  stated  as  8-4  ;  that 
of  samples  examined  by  Pastrovich  was  1-3  for  extracted  oil,  and  0-84  for 

'  Arch.  d.  r/iann.,  1894  (234),  278. 

Atti  del  VI.  Congresso  Internaz.  di  chimica  applicata,  Roma,  1907,  vol.  v.  761. 
3  Arch.  d.  Phann.,  1908,  697. 
■»  Wedemeyer,  Seifensieder  Zeit.,  1907,  26. 
"  Pastrovich,  Ghem.  Zeit.,  1907,  782. 
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expressed  oil.  The  acetyl  value  determined  on  the  mixed  fatty  acids 
was  16-39  for  the  extracted,  and  15-68  for  the  expressed  oil.  These 
acetyl  values  must,  however,  be  accepted  with  reserve. 

On  separating  the  insoluble  fatty  acids  by  means  of  the  lead-salt- 
ether  method,  Pastrovich  obtained  44-6  per  cent  of  solid  fatty  acids 
melting  at  54-45°  C,  and  having  the  mean  molecular  weight  266.  On 
precipitating  fi-actionally  the  magnesium  salts  of  the  solid  acids,  stearic 
and  palmitic  acids  were  identified.  On  oxidising  the  liquid  fatty  acids 
(55-4  per  cent),  considerable  quantities  of  dihydroxystearic  acid  and 
small  quantities  of  sativic  acid  were  obtained.  No  hexabromides  were 
found,  hence  linolenic  acid  appears  to  be  absent.  The  fatty  acids  of  this 
oil  consist,  therefore,  approximately,  of  44-6  per  cent  of  palmitic  and 
stearic  acids,i  43  per  cent  of  oleic  acid,  and  12-5  per  cent  of  linolic  acid. 

The  seeds  from  Canarium  oleosum  (Lam.)  Engl.  {  =  Gananum  micro- 
carpum,  Willd.),  a  Burseracea,  are  flat-shaped,  2-3  cm.  long,  1-1-5  cm. 
broad,  and  consist  of  15-14  per  cent  of  husk  and  84-86  of  kernels.  The 
latter  yield  68-63  per  cent  of  a  pale-yellow  oil,  fui-nishing  the  following 
characteristics  :  ^ — 


Oil— 

Solidifying  point  . 
Saponification  value 
Iodine  value 
Refractive  index  at  20° 
Unsaponifiable  matter 

Fatty  Acids — 

Insoluble  fatty  acids  +  unsaponifiable  matter 

Melting  point  .... 

Neutralisation  value 

Mean  molecular  weight  . 

Iodine  value  .... 


12-5°  C. 
197-0 
63-0 
1-4664 

0-97  per  cent 

94-76  per  cent 

44-46°  C. 
195-2 
287-7 

63-7 


The  husks  contain  34-53  per  cent  of  oil  having  the  following  char- 
acteristics :• — 


Solidifying  point  . 
Saponification  value 
Iodine  value 

Refractive  index  at  20°  C 
Unsaponifiable  matter 
Fatty  acids 


16-5°  C. 
183-5 
78-2 
1-4584 

4-88  per  cent 
89-93  per  cent 


The  seeds  from  Canarium  polyphyllum,  a  tree  widely  distributed  in 
New  Guinea,  yielded  on  extraction  with  ether  68-23  per  cent  of  an  oil 
having  the  following  characteristics  :  ^ — 


Solidifying  point  . 
Melting  point 
Saponification  value 
Iodine  value 
Reichert-Meissl  value 
Refractive  index  at  21° 


19°-20°  C. 
30°  C. 
200-2 
59-74 
4-41 
1-4760 


1  Oudemans,  Journ.  f.  prakt.  Chcm.,  1860  (81),  356  ;  1866  (99),  409,  states  that 
iiiyristic  acid  occurs  in  this  oil. 

-  C.  Griiiiine,  Ohevi.  Revue,  1910,  178. 

M.  Krause,  Der  Tropenj)/lanzer,  191.3  (7),  147. 
•*  TliiH  value  is  much  too  high  to  agree  with  the  saponificaliou  value  200-2. 
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Iodine 
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Per  cent. 

64-7 
66-6 

Saponification 
Value. 

Mgrms.  KOH. 

193-  5 

194-  3 

Melting 
Point. 

o 

18-28-5 

Specific  Gravity. 

0-8953 
0-9050 

d 

o 

40 
(water  at 
40=1) 
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Wedemeyer 
Pastrovich 

Refractive 
Index. 

Butyro-re- 
fractometer 
at  40°  C. 

35-7 

Iodine  Value. 

Per  cent. 

67-2 

Liquid  Fatty 
Acids. 

110-4  1 

Mean 
Molecular 
Weight 
from  Neutral 
Value. 

278-6 

Saponifica- 
tion Value. 

205-1 

Neutralisa- 
tion Value. 

191-1 
201-6 

Melting 
Point  of 
the  In- 
soluble 
Fatty 
Acids  (in 
Capillary 
Tube). 

d 

0 

o 

Solidify- 
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d 

o 

37-2 
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Specific  Gravity. 

0-8825 

d 

o 

50 
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Insoluble 
Fatty  Acids 
-MJnsaponi- 
flable. 

Per  cent. 

9-S6 

9-S6  1 
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Castor  Oil  Group 

In  this  group  I  comprise  grape  seed  oil  and  castor  oil.  These  two 
oils  (pending  further  confirmation  as  regards  grape  seed  oil)  are  re- 
markable for  their  high  proportion  of  h;^droxylated  fatty  acids,  as 
indicated  by  their  high  acetyl  values.  Owing  to  this  composition  castor 
oil  is  miscible  with  alcohol.  This  property  is  not  shared  by  grape  seed 
oil ;  for  this  reason  it  is  open  to  doubt  whether  grape  seed  oil  is  related 
to  castor  oil,  a  doubt  which  is  further  supported  by  the  circumstance 
that  the  grape  seed  oils  described  by  the  several  observers  differ  greatly 
(see  below)  in  their  characteristics. 


GRAPE  SEED  OIL 

French — Huile  de  pSpins  de  raisin.  German — Traubenkernol. 
Italian — Olio  di  vinacciuoli. 

For  tables  of  characteristics  see  p.  388. 

Grape  seed  oil  is  obtained  from  grape  seeds  (from  Vitis  vinifera,  L.) 
by  expression  or  by  extraction.  The  freshly  expressed  grape  yields  25 
per  cent  of  seeds  containing  6  to  20  per  cent  of  oil,  which  is  prepared  by 
grinding  the  dried  seeds  (by  exposure  to  the  air)  to  a  coarse  meal,  inter- 
mixing with  about  25  per  cent  of  water,  and  expressing  first  in  the  cold 
and  then  in  the  hot.  The  quantity  of  oil  in  the  seeds  depends  on  the 
kind  of  grapes  and  the  climate  in  which  they  are  grown.  According 
to  some  writers  the  seeds  from  white  grapes  are  richer  in  oil  than  those 
from  black,  and  sweet  grapes  yield  more  oil  than  those  containing  little 
sugar.  Other  writers  state  that  the  black  grapes  grown  in  warm 
countries  are  richer  in  oil  (containing  10  to  20  per  cent),  and  that  such 
oil  is  of  superior  quality.  Whereas  the  average  of  grape  seed  oil  re- 
covered in  some  French  mills  was  8  to  10  per  cent,  in  Wurtemberg 
10  to  11  per  cent  of  crude  oil  are  generally  obtained.  The  seeds 
contain  the  largest  amount  of  oil  at  the  time  of  vintage  ;  on  storing 
the  seeds  the  quantity  of  oil  decreases  considerably. 

The  oil  obtained  by  cold  expression  has  a  golden-yellow  colour,  and 
is  free  from  odour.  Oil  from  stored  seeds  is  darker  and  has  a  slightly 
bitter  flavour.  Oil  of  the  second  expression  is  brown  and  has  a  bitter 
taste.  Grape  seed  oil  extracted  by  means  of  solvents  is  dark ;  but  is 
said  to  become  perfectly  colourless  by  filtering  over  animal  char. 
The  numbers  recorded  in  the  table  refer  to  extracted  oil.  The  oil  dis- 
solves easily  in  glacial  acetic  acid  at  70°  C.  ;  the  solution  becomes  turbid 
at  66-5°  C.    In  96  per  cent  alcohol  it  dissolves  only  partially. 

The  specimens  of  oil  examined  by  various  observers  differ  consider- 
ably. The  iodine  values  of  the  two  oils  examined  on  the  one  hand  by 
Horn,  and  on  the  other  by  De  Negri  and  Fahris,  agree  tolerably  well, 
and  would  point  to  similar  oils.  Grape  seed  oil  does  not  dry  on  ex- 
posure to  air,  or  only  after  a  long  time  {De  Negri  and  Fahris).  Very 
VOL.  II  2  0 
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difierent  from  these  oils  are  the  grape  seed  oils  examined  by  Ulzer  and 
Zumpfe  and  by  Fabris  and  Settimj'^  (see  below). 

According  to  Horn,  the  most  prominent  characteristic  of  grape  seed 
oil  is,  its  high  acetyl  value,  placing  it,  in  this  respect,  in  close  relationship 
to  castor  oil.  Since  this  number  was  obtained  by  Benedikt  and  Ulzer's 
method,  it  stands  in  need  of  confirmation.  The  high  specific  gravity 
stated  by  Horn,  in  conjunction  with  the  low  saponification  value, 
would  seem  to  confirm  the  high  proportion  of  hydroxy  acids.  Yet,  the 
specific  gravity  ascertained  by  De  Negri  and  Fahris,  and  the  immisci- 
bility  with  alcohol,  negatives  a  high  proportion  of  hydroxy  acids.  The 
low  saponification  number  found  by  De  Negri  and  Fabris  (practically 
identical  with  that  stated  by  Horn)  speaks,  however,  in  favour  of  Fitz's 
statement,^  that  grape  seed  oil  contains  considerable  quantities  of  erucic 
acid.  This  was  isolated  from  the  ether-soluble  lead  salts  as  a  solid  acid 
of  the  melting  point  33°  C,  yielding,  on  fusion  with  caustic  potash,  a 
considerable  amount  of  arachidic  acid.  The  sample  examined  by 
Horn  had  the  acid  value  16-2. 

The  very  high  iodine  value  recorded  by  Ulzer  and  Zumpfe  ^  would 
place  the  oil  amongst  the  drying  oils.  An  examination  by  the  lead- 
salt-ether  method,  and  the  subsequent  examination  of  the  liquid  fatty 
acids  by  Hazura's  method,  showed  that  that  specimen  of  oil  contained 
7  to  8  per  cent  of  solid  fatty  acids  (calcidated  on  the  total  fatty  acids 
most  likely  of  stearic  and  palmitic  acids  (mean  molecular  weight  271, 
melting  point  56°  C,  iodine  value  04).  Arachidic  and  lignoceric  acids 
could  not  be  detected.  Nor  could  erucic  acid  be  obtained ;  hence  its 
presence  is  extremely  doubtful.  On  oxidising  the  liquid  fatty  acids 
with  potassium  permanganate  in  alkaline  solution  in  the  cold,  Ulzer  and 
Zumpfe  obtained  :  dihydroxystearic  acid,  considerable  quantities  of 
sativic  acid,  probably  also  linusic  acid,  and  presumably  a  tri-hydroxy- 
stearic  acid.  Final  proof,  however,  has  not  been  adduced  to  show  that 
the  supposed  tri-hydroxystearic  acid,  of  the  melting  point  139°  C.  and 
molecular  weight  333-9,  did  not  consist  of  a  mixture  of  other  acids. 
The  acetyl  value  of  43-7  found  by  Ulzer  and  Zumpfe  cannot  be  accepted 
as  confirming  the  presence  of  hydroxylated  fatty  acids  in  this  grape  seed 
oil,  the  acetyl  value  having  been  determined  by  a  faulty  method.  It 
should,  however,  be  pointed  out  that  the  specimen  examined  by  them 
was  readily  soluble  in  petroleum  ether.  The  same  strictm-e  would 
apply  to  the  acetyl  value  given  by  Fabris  and  Settimj. 

The  conflicting  statements  as  to  its  composition  rendered  the  re- 
examination of  grape  seed  oil  desirable. 

Such  an  examination  has  been  carried  out  by  Fachini  and  Dorta  ; 
their  results  are  reproduced  in  the  following  table  : — 

1  Atti  del  VI.  Congresso,  etc.,  Roma,  1907,  vol.  v.  762.  ^  Berichie,  1871,  442. 
3  Osterr.  chem.  Zeit.,  1905,  121. 

^  Fabris  and  Settimj  obtained  15  per  cent  of  .solid  fatty  acids. 
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The  iodine  value  of  the  liquid  fatty  acids  was  157-7. 
Unfortunately  the  foregoing  examination  does  not  settle  the  diflS- 
culties,  inasmuch  as  G.  Paris  ^  found  in  a  more  recent  examination  of 
Italian  grape  seed  oil  the  iodine  value  96,  and  the  acetyl  value  143- 1. 
Paris  identified  amongst  the  fatty  acids  erucic,  linolic,  oleic,  stearic, 
and  palmitic  acids.  He  also  isolated  0-57  per  cent  of  a  phytosterol, 
melting  at  132°-130°  C,  having  [af^  =  -  32-8°  and  yielding  an  acetate 
melting  at  120°-12r  C. 

The  oil  of  first  expression  is  used  locally— in  France,  in  Wurtemberg, 
and  in  Italy— as  an  edible  oil.  The  hot-pressed  oil  (after  refining  with 
concentrated  sulphuric  acid)  is  used  as  a  burning  oil,  and  would  find 
an  outlet  for  soapmaking  if  it  were  produced  in  sufficiently  large 
quantities.2  It  has  also  been  stated  that  grape  seed  oil  is  used  in  Italy 
for  adulterating  rape  seed  oil,  and  even  olive  oil. 

On  the  strength  of  the  exceedingly  high  acetyl  value  which  Horn  ^ 
found,  he  proposed  the  employment  of  this  oil  as  a  substitute  for  castor 
oil  in  the  manufacture  of  Turkey-red  oU,  but  the  oil  has  been  found 
unsuitable  as  a  Turkey-red  oil  substitute. 

The  press  cakes  obtained  in  the  preparation  of  the  oil  are  used  for 
feeding  sheep  and  cattle,  but  C.  S.  Fuchs  *  has  shown  that  the  cake 
only  contains  11-5  per  cent  of  proteins  of  which  only  about  half  was 
digested  after  seventy-two  hours  treatment  with  Pepsin  hydrochlorate. 
At  the  beginning  of  last  century  the  cakes  are  stated  to  have  been  used 
by  the  poorer  classes  in  Italy  for  the  preparation  of  a  tea-like  beverage. 


CASTOK  OIL 

French — Huile  de  ricin.  German — Ricinusol. 
Italian — Olio  di  ricino. 

For  tables  of  characteristics  see  pp.  400-402. 

Castor  oil  is  obtained  from  the  seeds  of  Rimius  coni7nunis,  L. 

The  origin  of  the  name  castor  oil  is  due  to  the  Spaniards  and  Portu 
guese  in  Jamaica  having  confounded  the  Ricinus  plant  with  a  totally 
different  one,  viz.  Vitex  agnus  castus  (Agno-Casto),  abbreviated  to 
"  agnocasto."    The  English  traders  corrupted  this  name  into  "  castor  " 
in  the  eighteenth  century  (cp.  De  Candolle's  Origin  of  Cultivated  Plants). 

The  plant  ^  seems  to  have  been  indigenous  to  Africa,  but  was  trans- 
planted to  India  at  a  very  early  stage  of  history.  In  fact,  some  writers 
consider  it  to  be  indigenous  to  India  itself.  The  plant  is  found  in  enor- 
mous quantities  in  all  tropical  and  subtropical  countries,  and  even  grow- 
ing wild  to-day  in  South  America,  notably  in  Paraguay  and  Argentina. 

1  Staz.  sperim.  agra/r.  Hal.,  1911  (44),  669. 

Cp.  also  r.  Marre,  Re.v.  chim.  pure  et  appL,  1911,  14,  186. 
'  MM.  rk.i  k.  k.  lechnolog.  (/cioerbe- Museums,  1891,  185. 
*  Chem.  Zdt.,  1911,  30. 

=  For  the  cultivation,  production,  preparation,  and  utilisation  of  the  castor  seed  cp. 
Bull.  Imp.  Insl.,  1911,  17. 
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There  is,  therefore,  an  abundance  of  castor  seeds  to  be  obtained  whenever 
the  demand  of  the  market  increases. 

In  India  a  number  of  varieties  are  cultivated.  In  Bengal  alone  three 
distinct  varieties  of  the  plant  are  known.  The  first  variety,  growing 
to  a  height  of  about  twelve  feet,  yields  small,  bright,  black  seeds,  dotted 
all  over  with  grey.  The  second  variety,  requiring  more  care  in  cultiva- 
tion, grows  to  a  height  of  about  six  feet,  and  yields  somewhat  larger 
wheat-coloured  seeds.  The  third  variety,  grown  along  with  Indian 
corn,  fm-nishes  the  largest  slightly  flattened  seeds  of  a  red  colour  and 
mottled.  The  best  quality  of  East  Indian  castor  seed  is  known  in 
Bombay  as  "  painty  seed." 

In  French  Indo-China  the  following  three  species  are  mainly  dis- 
criminated among  a  large  variety  of  the  Ricinus  : — (1)  the  common 
Ricinus  plant,  Ricinus  communis,  known  to  the  Aunamites  as  Cay 
dii  dii  tia  ;  (2)  the  green  ricinus  {ricin  vert),  Ricinus  viridis,  having  the 
same  local  name  ;  (3)  the  red  ricinus  {ricin  rouge),  Ricinus  sanguineus 
(indigenous  name,  Cay  dii  dii  do). 

The  "  St.  Eustatius  "  castor  seeds  appear  to  be  obtained  from 
R.  Zanziharinus  or  R.  Zanzihariensis}- 

The  most  important  som-ces  of  castor  seed  are  East  India,  Java,^ 
the  Mediterranean  countries,  Mexico,  and  the  United  States  of  America. 
At  present  castor  seeds  are  also  collected  commercially  in  Southern 
Nigeria  and  in  Brythrea,  and  endeavours  are  made  to  create  a  castor 
seed  cultivation  in  Formosa.  By  far  the  largest  producer  is  East  India. 
The  exports  of  castor  beans  from  India  have  grown  considerably  during 
the  last  fom'teen  years,  whilst  the  Indian  production  of  oil  has  decreased, 
owing  to  the  expansion  which  the  manufacture  of  castor  oil  has  ex- 
perienced in  France,  the  United  Kingdom,  and  the  United  States. 
This  is  illustrated  by  the  following  tables  : — 

Exports  of  Castor  Seeds  and  Oils  from  East  India,  1890-1904 


Year  ending 
March  31, 

Castor  Seeds. 

Castor  Oil. 

Bushels  of  50  lbs. 

Gallons. 

1890 

2,003,973 

3,198,787 

1891 

1,925,889 

3,789,628 

1892 

1,872,472 

3,929,758 

1893 

2,216,556 

3,095,564 

1894 

2,481,369 

2,754,261 

1895 

2,631.765 

3,215,887 

1896 

2,348,201 

2,420,358 

1897 

2,235,778 

2,397,653 

1898 

2,372,516 

2,344,797 

1899 

2,710,709 

2,569,725 

1900 

1,978,731 

1,833,842 

1901 

1,962,121 

1,843,207 

1902 

2,965,527 

2,424,270 

1903 

3,509,781 

2,488,910 

1904 

3,509,717 

2,300,015 

1  Bldmendal,  Pharm.  Weekblad,  1905,  42,  701. 
Journ.  Sue.  Chem.  Ind.,  1895,  321. 
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Exports  of  Castor  Seeds  from  India,  1904-1912 


1904-5. 

1905-C. 

1906-7. 

1907-8. 

1908-9. 

1909-10. 

1910-11. 

1911-12. 

United  Kingdom 
Prance 
Belgium  . 
Italy  . 
Germany  . 

Cwts. 
452,353 
26(i,S45 
275,179 
252,010 
193,402 

Cwts. 
479,348 
286,848 
185,568 
197,240 
136,757 

Cwts. 

640,874 
277,002 
198,785 
166,268 
203,691 

Cwts. 
1,121,035 
267,383 
289,733 
237,028 
70,499 

Cwts. 
806,789 
333,059 
207,093 
176,223 
109,603 

Cwts. 
1,026,783 
250,473 
258,160 
229,394 
82,310 

Cwts. 
1,120,251 
272,242 
292,683 
250,991 
150,202 

Cwts. 
1,109,255 
332,418 
288,305 
201,470 
73,683 

Exports  of  Castor  Oil  from  India,  1904-1912 


United  Kingdom 
Ceylon 

Straits  Settlements 
Hong-Kong 
Cape  Colony 
Natal 

Mauritius    and  De 

pendencies 
New  Zeaiand 
Australian  Common- 
wealth 
Foreign  countries  l 


1904-5. 


Gallons. 
256,975 
72,041 
242,672 
102,524 
110,344 
212,269 

92,582 
89,841 

428,520 
14,842 


1905-6. 


Gallons. 

191,034 
61,994 

201,169 
68,302 
92,070 

255,528 

105,867 
111,748 

293,677 
45,837 


1906-7. 


Gallons. 
129,102 

65,818 
185,019 

33,737 
172,802 
231,358 

96,602 
132,380 

363,723 
21,921 


1907-8. 


Gallons. 

233,583 
81,233 

186,686 
18,268 
81,495 

215,137 

92,415 
129,640 

439,445 
23,114 


1908-9. 

1909-10. 

1910-11. 

1911-12. 

Gallons. 
131,308 

63,980 
176,824 

13,533 
9,069 

73,690 

Gallons. 

122,934 
76,617 

131,772 
467 
11,877 
74,690 

Gallons. 

144,056 
66,484 

140,752 
2,800 
27,732 
93,663 

Gallons. 

140,094 
76,628 

107,618 
1,867 
35,525 
98,384 

82,414 
166,718 

83,736 
134,253 

93,489 
138,512 

109,233 
186,818 

352,841 
23,275 

311,093 
51,929 

445,843 
45,714 

571,783 
58,006 

The  money  values  of  the  Indian  exports  and  the  countries  to  which 
the  exports  have  taken  place  is  given  in  the  following  table  : — • 


1  Principally  Siam,  Portugue.se  East  Africa,  Japan,  and  Dutch  Guiana. 
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The  chief  North  American  States  in  which  castor  seed  is  harvested 
are  Oklahoma,  (Eastern)  Kansas,  and  (Western)  Missouri.  The  bulk 
of  the  castor  oil  made  in  the  United  States  is,  however,  derived  from 
imported  beans.  The  quantity  of  beans  imported  into  the  United 
States  from  India  alone  is  shown  in  the  following  table,  together  with 
the  amount  of  castor  oil  imported  from  East  India  : — 


Imports  of  Castor  Beans  and  Oil  into  the  United  States  from  East  India 


June  30, 

Castor  Beans. 

Castor  Oil. 

Bushels  of  50  lbs. 

Gallons. 

1890 

94,226 

6,901 

1891 

105  374 

2  073 

1892 

163,089 

'382 

1893 

147,061 

286 

1894 

47,448 

1,702 

1895 

277,231 

28,846 
22,888 

1896 

145,735 

1897 

84,128 

4,368 

1898 

19,651 
25,003 

3,626 

1899 

7,615 

1900 

135,591 

3,334 

1901 

191,288 

3,206 

1902 

312,323 

3,705 

1903 

380,270 

6,643 

1904 

498,039 

11,283 

1910 

53,707 

1911 

242,935  . 

1912 

777,074 

Considerable  quantities  of  castor  seeds  are  also  exported  from 
Mexico  ^  and  Brazil.  The  exports  from  the  latter  country  are  given 
in  the  following  table  : — 


Year.  Tons. 

1905  .  .  2646 

1906  .  .  3126 

1907  .  1221 

1908  .  .  150 


Year.  Tons. 

1909  .  .  3899 

1910  .  .  4200 

1911  .  .  2110 

1912  .  .  753 


The  considerable  falling  off  in  the  export  is  due  to  the  fact  that  the 
consumption  of  castor  oil  in  Brazil  has  grown,  and  that  a  number  of 
castor  oil  mills  have  been  founded,  especially  in  the  State  of  Pernambuco. 

The  seeds  consist  of  20  per  cent  of  husks,  rich  in  mineral  matter  but 
containing  no  oil,  and  80  per  cent  of  kernels,  forming  a  white,  softish 
mass.  The  seeds  contain  a  toxic  alkaloid  "  ricine."  ^  They  also  contain 
a  powerful  fat-hydrolysing  enzyme  (see  Vol.  I.  Chap.  II.),  which  is  used 
on  a  manufacturing  scale  for  hydrolysing  oils  and  fats  for  soap-making 
purposes  (see  Vol.  III.  Chap.  XV.).  The  seeds  contain  46  to  53  per  cent 
of  oil. 

1  Two  varieties  of  seed  are  exported,  one  a  small  dark  brown,  mottled,  and  the 
second  large,  white  seeds  mottled  with  dark  brown. 

Cp.  Osborne,  Mendel,  and  Harris,  Zeilschr.  f.  analyt.  Cficm.,  1907  (46),  213. 
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Castor  oil  is  produced  on  a  large  scale  by  expression  or  by  extraction. 
For  the  best  quality  of  oil — for  medicinal  purposes — the  seeds  are  first 
decorticated  (shelled)  by  being  passed  between  rollers  set  at  such  a 
distance  that  the  outer  shell  only  is  broken.  The  kernels  are  then 
separated  from  the  light  husks  by  a  blast  of  air  in  a  specially  constructed 
separator.  Medicinal  oil  can  only  be  prepared  by  expression  in  the  cold, 
as  the  "  ricine  "  does  not  pass  into  the  oU  under  these  conditions.  It  is 
frequently  stated  in  the  literature  on  castor  oil  that  this  oU  is  used  in 
China  as  a  salad  oU. 

The  once  expressed  cake  is  subjected  to  a  second  expression,  followed 
by  a  third  expression.  The  oils  so  obtained  are  unfit  for  medicinal  use, 
and  are  employed  for  manufacturing  purposes.  The  cakes  ("  casto 
pomace,"  " castor  poonac"  in  India)  retain  the  poisonous  alkaloid,  and  are 
therefore  unfit  for  use  as  cattle  food.^  Although  attempts  have  been 
made  to  fi'ee  the  cakes  from  ricine  by  washing  with  6  to  7  times  their 
amount  of  a  10  per  cent  sodium  chloride  solution  (0.  Nagel  no 
castor  cake  is  actually  being  used  for  feeding  purposes.^  The  expressed 
cakes  (like  the  extracted  meal,  see  below)  are  exclusively  employed 
for  manuring  the  land.  The  richness  of  castor  cake  in  fertilising  con- 
stituents has  chiefly  contributed  to  the  growth  of  the  castor  oil  industry 
in  Marseilles,  as  the  residual  cakes  are  readily  bought  by  the  growers  of 
early  vegetables  ("  primeurs  "). 

In  India  "  poonac  "  is  used  principally  for  manure,  but  is  also 
employed  as  fuel  and  for  caulking  timber,  for  the  destruction  of  white 
ants  and  other  pests,  and  for  stuffing  the  soles  of  natives'  shoes. 

Next  to  India,  Marseilles  has  become  one  of  the  chief  centres  for  the 
production  of  castor  oU.  The  importance  of  the  castor  oil  and  cake 
industry  in  Marseilles  may  be  gathered  from  the  following  table  : — 


Imports  of  Castor  Seeds  into  Marseilles 


Year. 

Double 
(metric)  cwts. 

Year. 

Double 
(metric)  cwts. 

1896  . 

283,960 

1905  . 

138,050 

1897  . 

149,270 

1906  . 

135,540 

1898  . 

258,880 

1907  . 

163,700 

1899  . 

259,830 

1908  . 

191,110 

1900  . 

159,420 

1909  . 

115,530 

1901  . 

259,310 

1910  . 

134,870 

1902  . 

262,140 

1911  . 

142,120 

1903  . 

215,570 

1912  . 

157,860 

1904  . 

144,070 

Since  the  finally  pressed  cake  still  contains  about  8  per  cent  of  oil, 
it  is  usually  ground  to  meal,  and  extracted  with  carbon  bisulphide 
in  order  to  recover  this  amount. 

1  Cp.  W.  Mooser,  Landw.  Versuchssi.,  1911  (75),  107. 

2  Jnurn.  Soc.  Chem.  Ind.,  1902,  30.  ^  ,    ,  „i        ^  ; 

3  With  regard  to  the  poisonous  properties  of  castor  seed,  cp.  Robert,  I  harm.  Mit., 
1906  1062.    Cp.  also  F.  Schmidt,  Zeitschr.f.  iiffent.  Chem.,  1908,  245. 
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The  imports  of  castor  oil  into  the  United  Kingdom  are  detailed  in 
the  following  table  : — 


Country  of  Oi  igiu. 

1905. 

190(5. 

1907. 

1908. 

1909. 

1910. 

1911. 

1912. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Belgium  .... 

21,881 

18,9(37 

17,802 

9,632 

9,847 

9,153 

11,579 

7,280 

France  .... 

1T,237 

14,982 

14,622 

6,345 

6,7.56 

6,450 

6,039 

6,240 

Italy  .... 

4,209 

4,267 

3,770 

3,455 

2,388 

2,620 

3,024 

2,740 

other  foreign  countrie.s  . 

720 

245 

488 

713 

1,258 

1,810 

2,375 

2,020 

British  India  . 

17,140 

11,868 

13,709 

11,590 

12,494 

6,863 

13,744 

8,720 

The  imports  of  castor  oil  into  Germany  dm-ing  1911  and  1912  are 
given  in  the  following  table  : — • 


From 

1911. 

1912. 

Belgium  

France   

United  Kingdom 

Italy  

2953 
384 
5557 

3238 
294 

6321 
451 

On  a  large  scale,  about  40  per  cent  of  oil  is  obtained  by  expression, 
33  per  cent  being  yielded  by  the  first  expression,  and  the  remainder  by 
the  subsequent  expressions.  Whereas  formerly  most  of  the  castor  oil 
was  obtained  by  expression — in  fact,  the  whole  of  the  castor  oil  exported 
from  India  is  expressed  oil — the  process  of  extraction  has  gained  ground, 
notably  in  Hull  (England),  and  in  Boston  (United  States).  The  ex- 
pansion of  the  extraction  process  is,  to  a  large  extent,  due  to  the  deteriora- 
tion of  the  Indian  seed,  which  has  occurred  during  the  last  ten  years 
(owing  to  the  variation  of  the  crops,  and  also  to  insufficient  attention  on 
the  part  of  the  cultivators^).  Hence  inferior  qualities  are  no  longer 
used  for  the  preparation  of  medicinal  oil  by  expression  in  the  cold,  but 
are  at  once  extracted  with  solvents.  The  extracted  oil  can,  of  course, 
only  be  used  for  manufacturing  purposes. 

The  process  of  refining  castor  oil  consists  chiefly  in  the  removal  of 
albumen  by  steaming  the  oil.  The  albumen,  and  that  part  of  the 
enzyme  which  has  passed  into  the  oil,  are  thereby  coagulated,  and 
removed  by  filtering.  Properly  refined  castor,  oil  keeps  very  well,^  and 
does  not  easily  turn  rancid,  as  observations  made  in  the  author's 
laboratory  have  shown.  A  sample  exposed  to  the  atmosphere  for  four 
years  contained  only  1  per  cent  of  free  fatty  acids. 

Most  commercial  castor  oil  contains,  therefore,  only  very  small 
proportions  of  free  fatty  acids,  as  is  evidenced  by  the  numbers  collated 
in  the  following  table  : — 


'  Java  seed,  which  i.s  properly  attended  to  by  the  growers,  yields  therefore  at  present 
a  better  oil. 

^  Additional  proof  for  tlii.s  maybe  found  in  the  statement  made  by  Berthelof  that  the- 
oil  employed  by  the  Egyptians  for  eml)alming  was  castor  oil. 
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Free  Fathj  Acids  in  Castor  Oil 


Description  of  Oil. 

No.  of  Samples. 

Free  Fatty  Acids,  cal- 
culated to  Oleic  Acid. 

Observer. 

Expressed  oil  . 

9 

Per  cent. 
0-68-14-61 

Nordlinger 

Extracted  oil  . 

5 

1-18-5 -25 

Commercial  oil 

2 

1-46-2-16 

Thomson  and 
Ballantyne 

Indian  oil 

23 

0-14-1 '06 

Deering  and 
Redwood 

Castor  oil  is  a  colourless  or  pale  greenish  oil ;  its  taste  is  at  first  mild, 
then  harsh  ;  this  harsh  taste  is  more  pronounced  in  American  than  in 
Italian  or  French  oils.  Contrary  to  older  statements,  it  does  not  dry- 
even  when  exposed  in  thin  layers.  A  sample  of  medicinal  oil,  which  the 
author  kept  exposed  for  fom*  years,  had  its  specific  gravity  increased 
from  0-9591  to  0-9629  (the  iodine  value  had  not,  however,  decreased). 

The  changes  which  castor  oil  undergoes  on  blowing  with  air  are 
detailed  in  the  following  tables  : — 


Blown  Castor  Oil  (LewJcowitsch) 


Colour 

Specific  gravity  at  60°  F. 
Acid  value. 
Saponification  value  . 
Iodine  value 
Acetyl  value 
Saponification  value  of  acetyl 
ated  oil 


Original 
Oil. 

Blown 

Blown 

Blown 

Blown 

2  Hours 

4  Hours 

6  Hours 

10  Hours 

at  150°  C. 

at  150°  C. 

at  150°  0. 

at  160°  C. 

very 

light 

light 

light 

orange 
yellow 

light 

0-9623 

0-9663 

0-9798 

0-9778 

0-9906 

1-1 

1-3 

2-4 

2-6 

5-7 

179-0 

182-3 

185-2 

184-8 

190-6 

83-5 

79-63 

78-13 

70-01 

146-9 

150-7 

154-3 

159-0 

164-8 

303-9 

306  -5 

308-3 

308-3 

311-0 

304-3 

306-0 

308-7 

[Table 
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Blovm  Castor  Oil  Fatty  Acids  (Lewkowitsch) 


Colour 

Specific  gravity  at  60°  I 
Acid  value 
Neutralisation  value 
Iodine  value 
Acetyl  value,  after  removal  of 

some  solid  fatty  acids  ^  (dihy 

droxystearic) 
Saponification  value  of  acetyl 

ated  acids  ... 


Original 
Fatty- 
Acids. 


clear 
0-9543 
174-7 
176-5 


133-1 
299-2 


Blown 
2  Hours 
at  150°  C. 


yellow 
0-9507 
149-3 
173-7 
86-51 


94-26 
284-4 


Blown 
4  Hours 
at  150°  C. 


Blown 
6  Hours 
at  150°  C. 


dark 
0-9529 
128-5 
177-5 
86-77 


105-5 
272-6 


verydarli 
0-9525 
112-2 
177-3 
>  85-14 


93-31 
272-3 


The  numbers  obtained  by  Procter  and  Holmes  ^  on  blowing  (English 
pressed)  castor  oil  are  as  follows  : — 


Blown. 

Specific  Gravity. 

Refractive  Index. 

Iodine  Value. 

Hours. 

03 

0-958 

1-4800 

83-0 

3 

0-958 

1-4800 

83-0 

6 

0-958 

1-4802 

74-0 

9 

0-958 

1-4804 

73-0 

12 

0-961 

1-4804 

72-0 

15 

0-962 

1-4805 

71-0 

18 

0-965 

1-4805 

71-0 

21 

0-966 

1-4806 

69-0 

24 

0-967 

1-4807 

68-0 

Castor  oil  is  strongly  dextro-rotatory  {Peter,  Leering  and  Redwood). 
The  rotation  in  a  200  mm.  tube  varied  in  twenty-three  specimens  of 
Indian  castor  oil  from  +  7-6°  to  +  9-7°.  The  optical  activity  is  no  doubt 
due  to  the  presence  of  an  asymmetric  carbon  atom  in  ricinoleic  acid 
(cp.  Vol.  I.  p.  213). 

On  standing  in  the  cold,  3  to  4  per  cent  of  "  stearine  "  are  de- 
posited, consisting,  according  to  Krafft,^  of  ti'istearin  and  triricinolein. 
Chonowsky  ^  proposes  to  separate  off  the  solid  glycerides  by  dissolving 
castor  oil  in  alcohol  and  allowing  the  solution  to  stand  at  a  low  tempera- 
ture, when  a  crystalline  deposit  separates  out.  Amongst  the  solid  fatty 
acids  Juillard  discovered  dihydroxystearic  acid  (the  first  natural 
hydroxy  fatty  acid)  to  the  extent  of  1  per  cent.    The  chief  constituent 

'  The  acetyl  value  of  tlie  removed  solid  fatty  acids  was  143-3  (theory  for  dihydroxy- 
stearic acid  :  280-5).  From  these  acids  there  was  obtained  an  acid  of  the  melting  point 
130°  C.  (melting  point  of  dihydroxysteari'!  acid  131°  C),  insoluble  in  petroleum  ether. 

2  Jo7irn.  Soc.  Chem.  Ind.,  1905,  1287. 

3  Original  castor  oil.  ■*  Berichte,  1888,  2730. 
"  Berichte,  1909,  3341. 
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of  castor  oil  is  triricinoleiu.  Triricinolein  is,  according  to  Kmfft,  solid 
in  its  pure  state  ;  and  the  liquid  state  of  castor  oil  would  have  accord- 
ingly to  be  ascribed  to  a  state  of  superfusion  of  the  oil.  Eazura  and 
Grussner  stated  that  the  liquid  fatty  acids  from  castor  oil  consist  of 
ricinoleic  and  isoricinoleic  acids  ;  Krafft's  solid  acid  is,  perhaps,  identical 
with  one  of  these  acids  (cp.  also  Vol.  I.  p.  215,  Mangold).  Olein  does  not 
occur  in  castor  oil.^  Castor  oil  would  therefore  consist  in  the  main  of 
the  glyceride  of  ricinoleic  acid,  all  the  isomerides  being  comprised  under 
that  term. 

The  occurrence  of  stearic  acid,  ricinoleic  acid,  and  hydroxystearic 
acid  in  castor  oil  has  been  confirmed  by  A.  Haller.^  He  was,  however, 
unable  to  confirm  Haziira  and  GriXssner's  statement  as  to  the  occurrence 
of  two  isomeric  ricinoleic  acids  in  castor  oil  (cp.  Vol.  I.  p.  215). 

The  proportion  of  triricinolein  calculated  by  the  author  from  the 
(mean)  acetyl  value  of  castor  oil,  150,  would  be — as  the  acetyl  value  of 
triricinolein  is  159-1  (Vol.  I.  p.  430)— '-^^°  =  94-28  per  cent  ricino- 
lein ;  since  dihydroxystearic  acid — present  to  an  extent  of  1  per  cent 
amongst  the  fatty  acids — has  the  acetyl  value  280-5,  the  percentage 
of  ricinolein  can  only  be  about  93.  The  iodine  value  of  triricinolein 
being  81-76,  the  above  calculated  93  per  cent  of  triricinolein  would 
absorb  76  per  cent  of  iodine.  Castor  oU  must  therefore  contain  some 
less  saturated  fatty  acids  than  ricinoleic.  This  is  indeed  borne  out  by 
the  iodine  value  of  the  liquid  fatty  acids,  viz.  106-9. 

By  catalytic  reduction  of  castor  oil  with  hydrogen  in  the  presence 
of  colloidal  palladium  in  the  cold,  Paul  and  Roth  ^  obtained  a  solid  fat 
softening  at  69°  C,  melting  at  77°  C,  and  having  the  iodine  value  1-9. 
Catalytic  reduction  with  nickel  readily  yields  a  solid  product.  Having 
regard  to  the  behaviour  of  ricinoleic  acid  in  the  catalytic  process  (cp. 
Vol.  I.  p.  214),  it  will  be  easily  gathered  that  hydrogenated  (hardened) 
castor  oU  may  have  retained  its  original  acetyl  value,  or  have  lost  it  to 
some  extent,  or  entirely,  according  as  the  hydroxyl  gi'oup  has  been 
eliminated  completely  or  partially  in  the  hydrogenising  process.  Hydro- 
genated castor  oil  which  has  practically  lost  the  hydroxyl  group 
entirely,  is  insoluble  in  alcohol,  having  become  converted  into  stearin. 
Hydrogenated  castor  oil  which  still  retains  the  hydroxyl  group  is  soluble 
in  alcohol,  and  behaves  with  petroleum  ether  very  much  like  natural 
castor  oil. 

The  amount  of  unsaponifiable  matter  in  castor  oil  fluctuates  between 
0-30  and  0-57  per  cent. 

The  specific  gravity  of  castor  oil,  its  behaviour  with  solvents,  its 
acetyl  value,  and  its  very  high  viscosity  afford  ready  means  of  identifica- 
tion. 

Castor  oil  has  the  highest  specific  gravity  of  any  natural  fatty  oil ; 
only  the  "  blown  oils  "  (Vol.  III.  Chap.  XV.)  acquire  so  high  a  gravity  in 

1  Haznra  and  Grlissner,  Journ.  tSoc.  Ohem.  Ind.,  1888,  681. 

2  C'fmipt.  re7ul.,  1907  (144),  462. 

Berichlc,  1908,  2283;  1909,  1543.  Cp.  also  French  patent  434,927  (Vcreintgte 
chemische  Werke). 
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the  course  of  manufacture.  Hence  the  presence  of  a  foreign  fatty  oil  in 
castor  oil  would,  in  the  first  instance,  be  recognised  by  a  lower  gravity 
of  the  sample  than  0-960.  Rosin  oil  of  specific  gravity  0-998,  which 
may  have  been  added  to  an  adulterated  oH  in  order  to  mask  the  influence 
of  a  foreign  fatty  oil,  can  be  easily  detected  by  determining  the  un- 
saponifiable  matter  quantitatively. 

Castor  oH  has  the  highest  viscosity  of  aU  known  natural  fatty  oils, 
only  "  blown  oils  "  (Chap.  XV.)  and  rosin  oil  approaching  it  in  this 
respect.  The  viscosity  of  the  twenty-three  samples  examined  by 
Deering  and  Redwood  was  from  1160  to  1190  seconds  for  50  c.c.  at  100°  F. 

Castor  oil  is  miscible  in  every  proportion  with  glacial  acetic  acid 
and  absolute  aleohol.  It  also  dissolves,  at  15°  C,  in  2  volumes  of 
90  per  cent,  and  in  4  volumes  of  84  per  cent  alcohol.  Van  Itallie  ^ 
determined  the  solubility,  in  90  per  cent  alcohol,  of  five  samples  of  castor 
oU,  with  the  following  result : — 

.        ,  Ileq.uire  90  per  cent  Alcohol  at  20°  C. 


A  expressed  at  20°  C.  .  .  .  26-4 

B       „       „  50°  C.  .  .  .  26-8 

C        „       „  80°  C.  .  .  27-8 

D  commercial  oil       .  .  .  29-4 

E         „         „        .  .  .  24-0 


For  the  rapid  examination  of  castor  oil  (by  custom-house  officers), 
Finkener  ^  recommends  agitation  of  10  c.c.  of  the  sample  with  50  c.c.  of 
alcohol  of  the  specific  gravity  0-829  at  17-5°  C,  in  a  graduated  cylinder. 
A  strong  turbidity,  which  does  not  disappear  even  at  20°  C,  shows  that 
the  oU  is  not  pure  ;  even  10  per  cent  of  foreign  oUs  (sesame,  linseed,  rape, 
cotton  seed  oils)  may  thus  be  detected. 

Castor  oil  is  nearly  insoluble  in  large  quantities  of  petroleum  ether, 
kerosene,  and  higher  boiling  paraifin  oils  ;  as  little  as  0-5  per  cent  of 
castor  oil  causes  a  turbidity  at  16°  C.  However,  castor  oil  gives  a 
homogeneous  solution  with  an  equal  measure  of  petroleum  ether,  or  one 
volume  and  a  half  of  kerosene  or  parafiin  oil ;  if  more  of  the  solvents 
is  used,  the  excess  floats  on  the  top  of  the  mixture.  The  characteristic 
insolubility  is  lost  at  the  ordinary  temperature  if  castor  oil  be  adulterated 
with  a  small  quantity  of  another  fatty  oil. 

Castor  oil  is  distinguished  from  all  other  oils — with  the  exception 
only  of  grape  seed  oil  (pending  further  examination  of  grape  seed  oil) 
by  its  high  acetyl  value.  In  the  case  of  castor  oil  the  acetyl  value  is 
an  important  "  characteristic."  Its  determination  furnishes,  there- 
fore, the  surest  means  of  ascertaining  purity,  and  enables  the  analyst 
to  estimate  the  amount  of  adulteration. 

The  saponification  value  (approaching  that  of  the  oils  belonging  to 
the  rape  oil  group)  and  the  iodine  value  also  afford  means  of  detecting 
fraudulently  added  oils.^ 

1  CJiem.  Zeit.  Rep.,  1890,  367. 

^  Journ.  Soc.  Clieni.  Tnd.,  1887,  1'18. 

'  The  saponification  and  iodine  vahies  given  by  Tlidruev,  viz.  201-203  and  93-94 
respectively  are  so  abnormal  that  I  have  omitted  tliera  from  the  table  of  characteristics. 
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In  the  elaidin  test  castor  oil  gives  a  whitish  solid  mass,' due  to  the 
formation  of  ricinelaidin. 

On  nitrating  castor  oil  with  concentrated  nitric  and  sulphuric  acids, 
"  nitrated  "  castor  oil  is  obtained  (cp.  Vol.  III.  Chap.  XV.). 

If  the  price  of  castor  oil  is  low,  adulteration  with  a  fatty  oil  will 
hardly  be  practised.  When  castor  oil  was  high  in  price,  adulteration 
with  rape  oil,  rosin  oU,  and  chiefly  with  blown  oils,  did  occur. 

Rosin  oil  is  easily  detected  by  determining  the  unsaponifiable  matter. 
Obviously,  the  polarimetric  examination  of  the  sample  would  be  useless 
if  rosin  oil  be  present. 

The  "  blown  oils,"  although  simulating  castor  oil  in  specific  gravity 
and  viscosity,  differ  from  it  in  having  much  lower  acetyl  values,  higher 
saponification  values  (see  Chap.  XV.),  and  lesser  solubilities  in  alcohol. 

Castor  oil  in  other  oils  is  easily  detected  by  the  high  acetyl  value 
and  the  high  specific  gravity  of  the  sample. 

Castor  oU  is  used  in  medicine  (the  purgative  action  of  the  oil  is  due 
to  ricinoleic  acid).  Recently  attempts  have  been  made  to  convert 
castor  oil  into  medicinal  preparations,  having  the  form  of  powders 
(see  Vol.  III.  Chap.  XV.).  Up  to  the  year  1877  the  only  outlet  for  castor 
oU  was  in  pharmacy.  After  that  year  the  employment  of  castor  oil  for 
the  manufacture  of  Turkey-red  oils  ("  alizarine  assistant  "),  "  Emulsified 
Oils  "  (Vol.  III.  Chap.  XV.),  commenced  to  gain  in  importance.  On 
saponification  with  soda,  castor  oil  (like  cocoa  nut  oil)  yields  a  hard 
soap  which  requires  very  large  quantities  of  salt  for  "  salting  "  out.  It 
is  therefore  little  used  alone  in  the  manufactm'e  of  hard  soaps.  The 
soda  soap  has,  however,  the  property  of  imparting  transparency  to 
soaps  ;  hence  castor  oil  is  extensively  employed  in  the  manufacture  of 
transparent  soaps. 

In  India  the  oU  is  largely  employed  as  a  lubricant  for  locomotive 
bearings.  In  this  country  it  is  too  thick  to  be  serviceable  for  this 
purpose.  It  is,  however,  used  for  lubricating  marine  engines,  and  for 
the  manufacture  of  blended  lubricating  oils  (cp.  also  Vol.  III.  Chap.  XV. ). 

Castor  oil  is  used  also  as  a  preservative  for  leather  belting  in 
heavy  work,  and  for  fat  liquoring  in  the  leather  industries.  It  also 
plays  an  important  part  in  the  preparation  of  fly-gums,  and  in  the 
manufacture  of  other  adhesive  agents.^  Castor  oil  has  been  proposed 
as  a  substitute  for  camphor  in  the  manufacture  of  celluloid,^  and  as  a 
solvent  of  sulphur  for  pharmaceutical  purposes.^ 

On  a  smaller  scale  castor  oil  is  subjected  to  destructive  distillation 
for  the  preparation  of  "  cognac  oil,"  when  undecylenic  acid  and  oenan- 
thaldehyde  pass  over,  whilst  the  remaining  mass  solidifies  to  a  very 
bulky,  spongy,  india-rubber-like  mass,  for  which  a  solvent  has  not  yet 
been  found.*  The  residue,  after  successive  washings  with  alcohol, 
chloroform,  and  ether,  was  found  to  have  the  composition  ^  CggHggOg, 

.  ^  Cp.  Castle,  English  patent  6936,  1905  ;  Patat  and  Co.,  French  patent  361,954 
(gum  tragasol  and  castor  oil). 

^  C.  Gillet,  French  patent  382,270. 

^  Oleum  Ricini  sidfiiratuvi ;  cp.  Schelenz,  Pharm.  Zeit.  (57),  473. 
*  Berichte,  1876,  2034. 

°  Fendler  and  Thorns,  Arch.  d.  Pharm.,  1901  (239),  1. 


404 


GLYCERIDES  MARINE  ANIMAL  OILS 


CHAP. 


corresponding  to  the  anhydride  of  triundecylenic  acid,  (0^112002)3  -  HgO. 
On  melting  the  product  with  potassium  hydroxide,  it  yields  a  hexa- 
undecylenic  acid,  CigHgoOg.  By  oxidation  with  fuming  nitric  acid, 
sebacic  acid  and  an  acid  of  the  formula  C13H22O4  were  obtained  ;  by 
oxidation  with  potassium  permanganate,  sebacic  acid  and  lower  fatty 
acids  were  produced.  If  the  distillation  of  castor  oil  be  stopped  just 
before  the  mass  would  have  become  converted  into  the  india-rubber-like 
substance,  the  oily  residue  still  contains  glycerides.  This  residue 
corresponds  to  the  composition  C105H148O18,  which  appears  to  be  the 
glyceride  of  the  dibasic  triundecylenic  acid  : — (03115)2(033115806)3  (cp. 
Vol.  III.  Ohap.  XV.  "  Polymerised  OHs"). 

Castor  oil  is  also  polymerised  by  heating  for  10  hours  to  260°-300 
under  a  pressure  of  4-6  atmospheres  ;  its  product  is  miscible  with 
mineral  oils.^ 

Lesser  known  non-drying  oils,  see  table  opposite. 


2.  ANIMAL  OILS 


The  fatty  oUs  obtained  from  animals  are  described  in  this  section 
under  the  following  two  classes— 

(1)  Marine  animal  oils, 

(2)  Terrestrial  animal  oils. 

This  subdivision  is  not  made  merely  for  the  sake  of  convenience  ; 
it  is  based  on  striking  chemical  difEerences.  Broadly  speaking,  these 
two  groups  may  be  compared  with  the  two  large  classes  of  vegetable 
oUs  viz  the  drying  and  the  non-drying  oils. 

Like  the  drying  oUs  the  marine  animal  oils  are  characterised  by 
very  high  iodine'values,  by  the  large  amount  of  ether-insoluble  bromides 
Ihey  yield,  by  their  power  of  absorbing  oxygen,  and  by  the  feature  that 

'"^^Tht  raS'of  S^^^^^^  animal  oils  resemble  the  non-drying 
oHs  in  that  they  have  low  iodine  values,  do  not  easily  absorb  oxygen, 

exist  which  occupy  an  intermediate  position 
between  tir  drying  and  the  non-drying  oHs,  viz.  the  semi-drying 
o?s  so  we  find^among  the  marine  animal  oUs  gradations  fi-om  the 
rno^t  pronounced  type  of  readHy  oxidisable  oils  to  those  containing 
We  quantities  of  glycerides  of  saturated  fatty  acids,  thereby  approach- 
in  *r  the  chemical  constitution  of  terrestrial  ammal  oils. 
^Siidlar  rsuch  intermediate  oUs  may  be  expected  amongst  he 
oils  ZT^enestrial  animals.  Hitherto,  only  one  oA-ol^ry.^-  od- 
ha  been  described  somewhat  fully  It  may  J^^ed  upon^s^  a 
representative  of  semi-drying  animal  ods  (cp.  also  Diying  Amma 
Fats  "  and  "  Semi-Drying  Animal  iats  ). 

1  English  patent  24,935,  24,936,  1905. 


Lesser 


Horse  chestnut 


Huile  de  marron  d'iDde  BosskastanieDoI 


Oleandej 
Toad-stool  . 
Lonc-Mouc  seed 
Birch  seed  . 

Paisley  seed 

TTngnadia 
Fenogreefe  . 
lucerne 
Yellow  clover 
AVhite  clover 
Bastard  clover 

Bed  clover  . 
Pink  clover  . 


White  l£e32ot 
iTelilot  , 
Horn  trefoil . 

WoTind  wort 
Tattish  clover 


Bine  Lnpin  . 
Yellow  Ltrpin 
White  Lnpin 

Lag  wort 
Soap  tree 

Sedge  . 
Cashew  nuts 
Coola,  TTornnnnnn 
K6-sam  seed  3>  , 

Spiee  bush  seed  (Fever 
bush  seed) 

Apeiba,  Borillo  . 
Elm  seed 


Huile  de  laurier-rose 
Hutle  de  fausse  oroage 
Huile  de  louc  niouc 
Huile  de  bouleau 

Huile  de  persil 

Huile  d'ungnadia 


Huile  de  savonnier 

Huile  de  souchet 
Huile  d'acajou 
Huile  de  coula 
,  Huile  de  K6-sam 


Huile  d*  Apeiba 
Huile  d'orme 


Oleanderol 
Fliegenpiizol 

Birkensamenijl 

Peters  ilieDsamenol 

TJngnadiaol 
Bockshornkleeol 
Luzerne  nol 
Gelbkleeol 
Weisskleeol 
Bastardkleeol 
(Alsikeol) 
Kotkleeol 
Inkarnatkleeol 


Weiss-Steinkleeol 

Feld-Steinkleeol 

Homkleeol 

Wundkieeoi 
Esparsetteol 
Susskleeol 


Blau  Lupinenol 
Gelb  Lupinenol 
Weiss-Lupineol 

Geisskleeol 
Seifenbaumol 

Erdmandelol 
Acajuol 
Coulasamenol 
K6-samsa  menol 

Gewurzbuschsamenol 
(Fieberbuschsamenol) 


TJlmenol 


Italian. 


Olio  di  casfcagna  d'India 

Olio  di  moscaio 
Olio  di  semi  di  betulle 
Olio  di  semi  di  petrosello 
Olio  di  ungnadia 


j  Olio  d'  albero  saponario 

Olio  di  cipero  commestible 
Olio  di  noci  d'  anacardo 
Olio  di  noci  di  coula 
Olio  di  semi  di  E6-sam 


Olio  d'  olmo 


Aesculus  hippocastanum,  L. 

EurycoiYia  langifolia,  Jacq 
Nerium  oleander,  L.  . 
Amanita  invscaria,  L. 

Bctula  alba,  L. 
LccyUiis  urnigera.  Mart. 
Petroselinum  sativii7n,  Hoffm. 

Ungnadia  speciosa 
Trigonclla  Fanuni  graxum 
Medicaffo  saiiva 
Trifolium  agrarium,  L. 

„      repens,  L. 

„      hybridum,  L. 

„       pratense,  L. 
„      inmrnatum,  L. 
Venwnia  anthelmiiUica 
Thcspesia  populnea 
Psoralea  corylifolia 
MelUotus  alhm,  Besr. 

officinalis,  Desr. 
Lotus  corniculatus,  L. 

(arvensis,  Schkvillosus  Thuili-) 
Anthyllis  vulneraria,  L. 
Onohrychis  saliva.  Lam. 
Bedysarum  Onobrychis,  L. 
O.  viciaejolia  Scopoli 
0.  montana,  B.C. 
O.  mdgaris,  Gaudin 
Polygalon  Qesneri,  J.  Bernh. 
Orniihopus  sativus,  Brotero 
0.  roseus,  Bufour 
Lnpinm  angustifolius.  L. 
„      luteus,  L. 
„      albus,  L. 
„      saliviis,  Gart 
Galega  officinalis,  L. 
Sapindus  rarak,  B.O.i^ 

„  trifoliatus 
Cyperus  esculentus,  L. 
Anacardimn  occidentale,  L. 
Coula  ediih's,  Baill. 
Brucea  sumatrana,  Roxb. 

antidysenUrica,  Lam. 
lAndera  Benzoin 

Rhus  glabra  ^ 
Apeiba  timbourbu 
Ulmus  campestris,  L. 


Native  Country. 


South  of  Europe 

Europe 

Assam 

Europe 

Brazil 

South  Europe 

Texas 
Europe 


Yield 
per  cent. 


Europe 

10-38 

7-18 

8-96 

5-56 

5-41 

6-27 

3  89 

East 

44-61 

Brazil,  Africa 

27-11 

East  and  West  Indies 

47-2 

Gaboon 

5-5 

Indian  Archipelago 

20 

Abyssinia 

22-2 

United  States 

45-6 

9-1 

Nicaragua 

Europe 

16 
0-87 


5-  98 
7-03 
0-58 

6-  81 
0-42 

14-78 
6-18 

18-  3 

19-  6 

20-  2 

6-  63 

7-  83 
6-46 


Specific  Gravity. 


0-0260  (15°  CJ 


0-9720  (!)  (15°) 

at  15''  at  100° 
0-9120.  0-8540 
0-928  (25°) 
0-922  (25°) 
0-922  (25°) 
0-910  (25°) 
0-918  (25°) 

-12 
-12 

-  12 

-15 

-  16 
-14 

0-914  (25°) 
0-910  (25°) 
0-9108  (100/100) 
0-9018  (100/100) 

-14 
-9 

0-931  (25°) 
0-928  (25°) 
0-930  (25°) 

-io 

-10 
-14 

0-916  (25°) 
0-915  (25°  0.) 

-18 
-11 

0-918  (20°  0.) 

-17 

0-920  (20°  0.) 
0-920  (20°) 
0-920  (20°) 

-10 

-5 

-9 

0-921  (25°) 

-9 

0-8542  (100/100) 


0-9275  (15-5°) 
0-9559  (20°) 


1  CSfm.  Zeit.,  1909,  49/  :  cp.  also  Eousset,  Les  JIatiires'  grasses,  1913,  2980,  and 
S.  J.  IL  Anld,  Jminu  Soc.  Chem.  Ind.,  1913,  173. 

-  Pharm.  WeOlL  191-2,  1050. 

'  Biulet.  Scienc.  Pharmacclog.,  1908  {.tt.),  441. 

-  Monatsh./.  Chemie,  1904  (25),  537  ;  1905  (-26),  727.  The  oil  contained  over  SO 
per  cent  of  free  fatty  acids.  The  total  insoluble  fatty  acids  are  stated  to  consist  of  about 
90  per  cent  of  oleic  acid  and  10  per  cent  of  palmitic  acid.  Further  data  given  by  the 
anthois  for  the  oil  are  : — Specific-  gravity  at  15°  C,  0-9166  ;  solidifying  point,  8-9°  C.  ; 
jEieichert-Meissl  value,  4-4  ;  insoluble  acids -f  nnsaponifiable,  97'93  per  cent;  refractive 
index  at  20°  C,  1-460-1-470.  With  regard  to  the  oils  obtained  from  other  species  of 
mushrooms,  viz.  I^ata  procem,  Galvnheus  xdkreus,  Rhymmis  aiw.tomenlosa,  Cv.n- 
thareSus  ciharim.  Boletus  degaris,  Pdyjoorus  conjlitens,  Hydnttm  repandvjn,  Clumria 
flam,  Lycoperdum  gemmatum,  cp.  Zellner,  Mona.tsh.  f.  Cliemie,  1906  (27),  295. 
Tramiits  siKiTeolens  contains  0-8  )>er  cent  of  an  oil  having  the  saponification  value  207-5, 
and  containing  a  small  amount  of  fattj'  acids,  melting  after  crj'stallisation  from  alcohol 
at  74°  C. 

^  Jfrurn.  Sor.  C7itm.  Ini}.,  1900,  54. 


«  Zcitschr.f.  aiig.  Chem.,  1899,  132. 

'  Berichte  d.  Deutsch.  Pliant-.  GeselL,  1902,  144. 

'  Berichte,  1909,  1638  ;  cp.  also  Vol.  I.,  p.  193,  and  Mathes  and  Heintz,  Berichte  der 
Deutsch.  Pharm.  Gesellsch.,  1909  (19),  3-26. 
9  Plmrm.  Zeit.,  1889,  340. 
'«  Chem.  Revue,  1911,  54  ;  77. 

"  Much  higher  (and  hence  more  coirect)  iodine  values  have  been  recorded  by 
Valentin  Jones  (p.  121). 

^-  K.  Bhaduri  gives  the  iodine  value  91-7,  and  the  saponification  value  305"7  {!!), 
Proceed.  Chem.  Soc.,  1912,  63. 

"  .Tmu-u.  Soc.  Chan.  Ind.,  1910,  1431. 

Reichert-Meissl  value,  C-9.    Titration  number  insoluble  volatile  acids,  0-71. 
Specific  gravity  at  15°  C,  0-911  ;  Reichert-Meissl  value,  0-7  ;  iusoluble  acids -i-un- 
saponifiable,  80-05  per  cent  (?)    The  fatty  acids  are  stated  to  consist  of  oleic  acid,  stearic 
acid,  and  palmitic  acids. 

Arch,  der  Pharm.,  1906  (244),  25. 


!j  Non-Deyin(3  Oils 


Saponification 
Value. 


194-5 

95-4 

202-203 
227 

211-6 
198-67 
190-9 

89-0 
88 
82 
87-0 
83-6 
83-1 
80-1 

191-192 

193-4 

188-  4 

189-  4 
187-2 

81-5-82 

78-0 
75-9 
68-5" 
65-9 

191-8 
181-3 
202-8 

204-6  iJ 
187-9 
193-2 
190-7 

64-1" 

61-6 

71-0  12 

71-5 

79-9 

71-4 

69-  2 

70-  0 

189-0 
175-2 

71-6 
67-7 

185-3 

69 

186-2 
185-0 
192-8 

83-2 
68-3 
61-6 

17.5-1  (1) 
170-1  (?) 
191-8 
224-72 
195 

61-  8 
65-1 
58-6 

62-  3 
84 

185-4 
284-4 

si  -5 

200 

234-8  2" 
277-3 

86-87-9 
77-0 
32-1 

Iodine 
Value. 


Refractive  In<le.\-. 


1-4747  (20°) 


1-4624  (40°) 


1-4738  (30°) 
1-4766  (30°) 
1-4757  (30°) 
1-4745  (30°) 
1-4757  (30°) 

1-4732  (30°) 
1-4723  (30°) 
75  "  degrees  "  (26°) 22 
81-  5  "  degrees  "  (25°)  2-2 
79-5  "  degrees  "  (25°)  22 
1-48G2  (30°) 
1-4760  (30°) 
1-4729  (30)° 

1-4766  (30°) 
1-4770  (30°) 


1-4761  (20°  C.) 

1-4725  (20°) 
1-4776  (20°) 
1-4742  (20°  C.) 

1-4728  (30°) 

"  degrees  "  (26°)  - 

1-4702  (20°) 


Unsaponiflable 
.Matter,  per 
cent. 

Fatty  Acids 

-1- 

Unsaponillable. 
Per  cent. 

Solidifying 
Point. 
°C. 

Melting 
Point. 
°  C. 

Neutralisation 
Value. 

1 

Iodine  i 
Value.  1 

1 

0-53 

92-9 

186-9  (of  liquid 

95-8 

acids) 

19-0 

10 

12-5 

94-12 

10 

19 

■ 

86-87 

2-64 

97-34  (1) 

25-6 

29 

178-5 

79-8 

1'38 

96-18 

30 

32 

183-4 

77-8 

1-14 

95-04 

28 

32 

185-3 

78-3 

1"77 

96-07 

2.8 

31 

188-7 

68-1 

1-03 

95-33 

24 

28 

189-0 

69-5 

1-93 

95-03 

29-5 

33 

186-0 

66-0 

1"57 

95-67 

27-5 

30 

189-0 

66-1 

1-79 

03-40 

35-6 

195-1 

73-4 

93-50 

43-9 

196-9 

75-3 

90-03 

32-8 

192-4 

83-1 

2-65 

95-30 

23 

27 

178-6 

74-8  (1) 

0-74 

97-44  (1) 

35 

38 

169-3 

64-7 

1-87 

95-07 

27-6 

30 

171-6 

73-4 

2-36 

95-26 

22-5 

25-0 

179-9 

79-7 

5'ol 

95-71 

16-6 

19-0 

194-0 

75-9 

1-84 

96-34 

25 

28 

183-0 

1-12 

95-52 

23 

24-5 

187-2 

67-6  (1) 

1-14 

95-84 

35-5 

177-3 

64-0 

?| 

27 

56-3 

311 

78-21 

36 

39 

184-5 

62-0 

960 

54-4 

188-6 

57-6 

76-3  28. 

26-6-37-8 

34-5 

75 

5-7 

Refractive 
Index. 


1-4626  (40°) 
1-4659  (40°) 
1-4666  (40°) 
1-4624  (40°) 
1-4626  (40=) 

1-4626  (40°) 
1-4620  (40°) 


1-4812  (50°) 
1-4659  (50°) 
1-4620  (45°) 

1-4640  (50°) 
1-4574(50°  C.) 


1-4593(50°  C.) 

1-4566  (50°) 
1-4600  (50°) 
1-4559  (50°  C.) 


aL  Stilleseni 

J.  J.  C.  Bakker  ^ 
J.  J.  Came 
Heinisch  and  Zellner  -i 
Slilliau  5 
Lidoff  « 
Nlederstadt ' 

Vongerichten  and  Kohler  s 

Schaedler 
Grimme 


O.  May  iG 
Menon 

W,  Hopfner  and  H.  Burmeister  J 

Niederstadt 

Lecomte  and  Hubert 

Power  and  Lees 

Power  and  Salway  21 

Caspari 

Frankforter  and  Martin  ^ 
Lewkowitsch 
Pawlenko  27 


JieW  s.ud  Twerdomedoff,  Berichte,  18S9,  1743.  The  glycerides  consist  mainly  of 
olein,  with  wliich  small  quantities  of  myi'istiu  are  mixed.  The  oil  occius  in  the  rhizomes 
of  the  slant. 

Zeitschr.f.  ojfentl,  Chem.,  1913,  x.  Nieclerstadt's  saponification  and  iodine  values 
given  in  former  editions  have  been  omitted. 

Journ.  Soc.  Chem.  huL,  1895,  493.  Cp.  Heckel,  Les  Graines  grasses  nonveUes  ou 
peu  connues  dcs  Colonies  franr^aises,  Pari-s,  1902,  p,  1. 

^  The  oil  consists  chiefly  of  the  glycerides  of  stearic,  palmitic,  oleic,  and  linolic 
acids  ;  the  oil  also  contains  a  hydrocarbon  of  the  formula  C;iiHe4,  melting  at  eT^-eS*  C. 
In  the  Dutch  East  Indies  the  fruits  are  known  as  bidji  makasar  and  tambara  maridja. 
They  are  described  in  the  Pharm.  Nederl.  as  Frucius  Bnicece. 

Pharm.  Journ.,  1907  (79),  126.  The  specific  gravity  of  the  oil  at  18'  C.  {water 
18°  C.=l)  is  0'9025  ;  its  acid  value  was  2*3.  The  fatty  acids  consist  chiefly  of  palmitic, 
stearic,  oleic,  and  small  quantities  of  linolic  acids.  Tlie  oil  yields  further  small  amounts 
of  acetic  and  butyric  acids.  From  the  unsaponiflable  matter  a  "  phytosterol "  of  the 
composition  C-joHjjO,  melting  at  135-136°  C,  was  isolated. 


^  Butyro-refractometer. 

Amer.  Chem..  JotiJ-n.,  1902,  291.  Melting  point  of  oil,  26°  C.  ;  Reichert  value, 
1*29-1'34.  The  oil  is  stated  to  consist  of  the  glycerides  of  capric,  lauric,  and  oleic 
acids,  laurin  preponderating. 

The  oil  is  light  yellow,  has  a  pleasant  taste  and  a  characteristic  odour.  The 
specific  gravity  at  0°  C.  is  0-9312,  and  at  20°  C,  0-9203.  The  refractive  index  at  0°  C. 
is  1-48821,  and  at  15°  C,  1-4S228.  The  husks  yielded  to  ether  8-5  per  cent  of  a  black 
viscous  oil  of  specific  gravity  0-9412  at  20°  C.  and  0-933  at  35°  C.  This  oil  has  the 
saponification  value  179 '7,  and  the  iodine  value  87 '2. 

Am.er.  Jour^i.  Pharm.,  76,  151. 
^  Reichert-Meissl  valu?,  7'75.    Titration  number  insol.  volatile  fatty  acids,  27 '21. 
Insoluble  volatile  acids,  10'2  per  cent  of  mean  molecular  weight,  167-8  {Compt.  rend. 
Assoc.  Franc.  Avanceni.  des  Sciences,  1909,  356). 

Chem.  Revue,  1912,  43  ;  Reichert  value,  3'7o.  The  mixed  fatty  acids  contain 
approximately  50  per  cent  of  capric  acid.  The  statement  that  the  oil  contains  also 
butyric  acid  must  be  accepted  with  reserve. 


Face  fage  404,  Yol.  II. 
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(1)  Marine  Animal  Oils 

The  members  of  this  class  are  conveniently  subdivided  into  the 
following  three  groups  : — 

a.  Fish  oils. 
(3.  Liver  oils, 
y.  Blubber  oils. 

The  term  "  train  oil  "  is  avoided  in  this  work,  as  its  German  equiva- 
lent "  Tran  "  includes  all  three  groups,  and  therefore  causes  unnecessary 
confusion.  It  must  further  be  premised  that,  under  hluhber  oils,  only 
those  oils  are  included  which  consist  wholly  or  in  greater  part  of 
glycerides.  Therefore  the  Hquid  waxes — ^viz.  sperm  oil  and  Arctic 
sperm  oil,  which  are  frequently  classed  together  with  blubber  oils — are 
excluded  from  this  group. 

The  oils  belonging  to  "  Marine  Animal  Oils  "  are  liquid  at  the 
ordinary  temperature  ;  on  cooling  they  yield,  however,  varying  amounts 
of  soUd  glycerides.  They  are  readily  distinguishable  from  other  liquid 
fats  by  their  fishy  taste  and  smell. 

The  specific  gravities  of  the  marine  animal  oils  vary  between  0-916 
and  0-930.1  The  saponification  values  of  some  of  the  blubber  oils 
deviate  widely  in  both  directions  from  the  mean  value  of  the  majority 
of  vegetable  and  marine  animal  oils — 195 — according  as  they  contain, 
on  the  one  hand,  large  amounts  of  spermaceti,  or  glycerides  of  volatile 
fatty  acids  on  the  other.  Hence  this  characteristic  cannot  be  used  as 
a  basis  for  subdivision. 

The  liver  oils  appear  to  form  a  natural  group  characterised  by  the 
presence  of  notable  amounts  of  cholesterol  and,  owing  to  their  origin, 
also  small  amounts  of  foreign  substances.  Since,  for  the  purposes  of 
subdivision,  the  iodine  value  is  adopted  in  this  work  as  the  basis,  the 
liver  oils  are  interposed  between  the  fish  oils  and  the  blubber  oils. 

The  earher  statements  that  the  marine  animal  oils  are  characterised, 
and  can  be  differentiated  from  all  other  fatty  oils,  by  the  intense  coloura- 
tions they  give  with  caustic  soda,  sulphuric  acid,  nitric  acid,  and 
phosphoric  acid,  must  be  considered  as  valueless. 

Phosphoric  acid,  in  particular,  was  proposed  as  a  very  characteristic 
reagent,  capable  of  detecting  even  0-1  per  cent  of  these  oils  if  admixed 
with  vegetable  oils.  The  best  results  were  stated  to  be  obtained  by 
warming  five  measures  of  the  oil  under  examination  with  one  volume 
of  syrupy  phosphoric  acid,  when  all  oils  belonging  to  this  class,  both 
alone  or  in  admixture  with  other  oils,  showed  intensely  red,  reddish- 
brown,  or  brownish-black  colourations.  Holde "  indicated  that  the 
phosphoric  acid  test  was  uncertain,  as  on  the  one  hand  rosin  oils  produce 
red  colourations  with  this  acid,  and  on  the  other  hand  distinct  coloura- 

'  For  some  comparative  viscosities  of  ti.sh  oils  see  G.  F.  White,  Les  MatUres  grasses, 
1912,  2677,  2719. 

Journ.  Soc.  Cliem.  Ind.,  1890,  419. 
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tions  only  appear  when  large  quantities  of  marine  animal  oils  are  present 
in  other  oils.  The  author, ^  after  an  exhaustive  examination  of  these 
colour  reactions,  has  come  to  the  conclusion  that  they  are  by  no  means 
characteristic  of  these  oils,  but  are  due  to  impurities  which  can  be 
removed  by  proper  modes  of  refining.  Thus,  a  sample  of  horses'  foot 
oil  (not  refined),  prepared  in  the  author's  laboratory,  gave,  with  the 
above-mentioned  reagents,'  colom-ations  which  might  be  considered  as 
typical  of  marine  animal  oils.  Old  samples  of  linseed  and  cotton  seed 
oils  behaved  similarly. 

The  same  conclusion  holds  good  of  the  chlorine  test  (cp.  Vol.  I. 
p.  495). 

Owing  to  the  large  amoimt  of  unsaturated  fatty  acids  which  the 
marine  animal  oils  belonging  to  this  class  contain,  they  develop  a 
considerable  amount  of  heat  in  the  thermal  tests. 

The  nature  of  the  fatty  acids  in  these  oils  is  still  very  imperfectly 
known.  Some  of  the  blubber  oils  have  high  Reichert  values,  pointing 
to  the  presence  of  large  quantities  of  volatile  acids.  Others  deposit 
"  stearine."  On  coohng  this  appears  to  consist  chiefly  of  palmitin. 
Most  of  these  oils  contain  large  proportions  of  unsaturated  fatty  acids, 
as  is  shown  by  their  high  iodine  values,  ranging  from  120  upwards  and 
approximating  the  values  characteristic  of  perilla  and  best  linseed  oils. 
The  high  iodine  values,  especially  those  of  the  fish  and  liver  oils,  clearly 
point  to  the  presence  of  acids  much  less  saturated  than  those  belonging 
to  the  oleic  series.  It  is  by  no  means  certain  that  oleic  acid  occurs  in 
these  oils.  The  "  physetoleic  "  acid  of  the  earlier  authors  (cp.  Vol.  I. 
p.  177)  could  not  be  detected  by  FahrionP-  Bull's^  statement  that 
aU  oils  belonging  to  this  class — with  the  exception  of  cod  liver  oil — 
contain  erucic  acid,  as  also  an  acid  of  the  formula  CaoHggOa,  still  requires 
confirmation  to  some  extent ;  all  the  more  so,  as  Bull  *  later  on  showed 
that  erucic  acid  does  occur  in  cod  liver  oil  (&ee  below),  and  as  the  several 
highly  unsaturated  acids  mentioned  by  him  could  not  be  detected  by 
Tsujimoto  (see  below).  The  unsaturated  acids  cannot  be  identical  with 
linolic  or  linolenic  acids,  as  the  oils,  although  absorbing  large  amounts  of 
oxygen,  do  not  dry  like  linseed  oil  with  the  formation  of  a  flexible  skin. 
The  fish  oils  proper  dry  better  than  the  liver  oils,  the  best  of  them  being 
menhaden,  sardine,  and  herring  oils.  These  oils  when  used  alone  dry 
to  a  somewhat  sticky  skin.  The  author  observed  many  years  ago  that 
the  free  fatty  acids  from  seal  and  cod  fiver  oils  kept  in  stoppered  glass 
bottles  deposit,  after  a  few  months'  standing,  a  resinous  substance. 
Tsujimoto  5  following  up  this  observation  discovered  in  a  large  number  of 
fish,  liver,  and  blubber  oils  clupanodonic  acid  (Vol.  I.  p.  210)  to  an  extent 
of  from  6  to  9  per  cent.  Owing  to  the  presence  of  this  acid  the  marine 
animal  oils  yield  in  the  bromide  test  considerable  amounts  of  brominated 
glycerides.  These  differ  from  the  ether-insoluble  bromides  obtained 
from  vegetable  drying  oils  (cp.  Vol.  I.  p.  475).  The  ether-insoluble 
bromides  prepared  from  the  mixed  fatty  acids  do  not  melt,  like  linolenic 


1  Lewkowitsch,  Journ.  Soc.  Chem.  Ind.,  1894,  617.    Cp.  Vol.  I.  Chap.  MI. 

2  Jmmi.  Soc.  Chem.  Ind.,  1893,  938  ;  935.  Chem.  Zeit.,  1899,  99_6. 
*  Berichte,  1906.  3570.                                             °  Chem.  Revue,  1913,  /O. 
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[ether-insoluble]  bromide,  at  about  175°-180°  C,  but  remain  solid  up 
to  about  200°  C,  and  then  become  black,  without,  however,  meltmg 
to  a  liquid  (cp.  Vol.  I.  p.  571).  i.    •    j  jl, 

Tsujimoto  1  examined  similar  resinous  substances  obtamed  trom 
Japanese  sardines,  herring,  and  whale  oils  after  three  years'  standing. 
They  were  insoluble  in  petroleum  ether,  ether,  and  carbon-tetrachloride. 
Undoubtedly  these  resinous  substances  represent  "  oxidised  acids." 
The  elementary  analysis  published  by  Tsujimoto  favours  the  view  that 
they  are  oxidation  products  of  clupanodonic  acid.  Indeed,  the  rapid 
oxidation  which  the  free  fatty  acids  of  fish,  liver,  and  blubber  oils 
undergo,  is  characteristic  of  these  oils  and  seems  to  be  due  to  the  presence 
of  clupanodonic  acid.  Hence  old  marine  animal  oils— and  even  those 
which  have  been  bleached  by  sunUght— give  dark-brown  soaps,  whereas 
freshly  prepared  oils  give  only  slightly  coloured  soaps.  The  changes 
which  the  oils  undergo  by  insolation  are  evidenced  by  the  foUowmg 
table  : — 


Japanese  Sardine  OU. 

Herring  Oil. 

Before  Ex- 
posure to 

direct 
Sunliglit. 

After  Ex- 
posure to 

direct 
Sunlight. 

Before  Ex- 
posure to 

direct 
Sunlight. 

After  Ex- 
posure to 

direct 
Sunlight. 

Specific  gravity  15°  C. 

Saponification  value  . 
Iodine  value  (Wijs)  . 
Refractive  index  20°  C.  . 
Ether  -  insoluble   bromide,  per 

Oxidised  acid  .... 

Brownish 

yeUow 
Fishy 

0-  9359 
10-02 

196-34 
176-78 

1-  4804 

43-40 
0-27 

Pale 

yellow 
Distinctly 

changed 
Very 

viscous 

0-  9672 
11-08 

215-65 
134-89 

1-  4838 

24-46 
8-63 

Reddish 
yeUow 
Fishy 

0-  9243 
2-58 

183-97 
118-62 

1-  4757 

21-20 
0-92 

Pale 

yellow 
Distinctly 

changed 
Very 

viscous 

0-  9446 
2-61 

196-38 
96-39 

1-  4772 

10-71 
5-62 

Fahrion^  is  of  opinion  that  he  has  proved  the  presence  of  an 
unsaturated  acid,  CigHgoOa— jecoric  acid— (cp.  Vol.  I.  p.  209),  and 
infers  the  presence  of  an  unsaturated  acid  of  the  composition  C17H32O2 
— asellic  acid— from  a  dihydroxylated  acid  (dihydroxyasellic  acid) 
obtained  on  oxidising  the  fatty  acids  of  sardine  oil.  In  the  light  of 
Ljuharsh/s  statement  (Vol.  I.  p.  227,  "  Dihydroxypalmitic  Acid") 
that  dihydroxystearic  acid  forms  with  dihydroxypalmitic  acid  a 
"  eutectic  "  compound,  the  existence  of  dihydroxyasellic  and  hence 
of  aselhc  acid  itself  must  be  doubted.  Heijerdahl  claimed  to  have 
discovered  two  unsaturated  acids  in  cod  liver  oil,  viz.  jecoleic  and 
therapic  acids  (Vol.  I.  p.  194  and  p.  210).  Bull  assumes  amongst  the 
liquid  fatty  acids  of  cod  liver  oil  the  presence  of  an  acid  of  the  com- 

»  Journ.  Coll.  Eng.  Tokyo  Iiiij).  Univ.,  1908,  iv.  193. 
2  Journ.  Soc.  Chem.  Ind.,  1893,  935. 
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position  C23  HggOa,  belonging  to  the  series  C,jH2,!,_io02.  The  existence 
of  all  the  last-mentioned  acids  is  so  far  hypothetical.  An  investigation 
of  this  subject  was  therefore  a  desideratum. 

Tsujimoto  doubts  the  occurrence  of  jecoric  acid  in  herring  oil,  and 
has  further  shown  that  no  evidence  could  be  obtained  of  the  presence 
of  the  two  highly  unsaturated  acids  of  the  formulae  C22H32O2  and 
C24H40O2,  stated  by  Bull  to  occur  in  herring  oil.  The  existence  of 
BulVs  ^  gadoleic  acid,  C20H38O2  (Vol.  I.  p.  194),  also  stands  in  need  of 
confirmation. 

The  "  Bromide  test,"  described  Vol.  I.  p.  475,  can  be  used  as  a 
qualitative  test  for  the  detection  of  fish,  hver,  and  blubber  oils  by 
filtering  off  the  ether-insoluble  brominated  glj^cerides  and  subjecting 
them  to  the  melting-point  test.  By  proceeding  as  described  in  Vol.  I. 
p.  570,  the  test  can  be  made  a  quantitative  one. 

Halphen  ^  recommends  as  a  qualitative  test  for  the  presence  of 
marine  animal  oils,  a  reagent  consisting  of  28  volumes  of  glacial  acetic 
acid,  4  volumes  of  nitrobenzene,  and  1  volume  of  bromine,  which 
difiers  from  that  employed  in  the  bromide  test  merely  by  the  presence  of 
nitrobenzene.  Evidently  HalpJien's  method  does  not  admit  of  a 
difl'erentiation  of  marine  animal  oils  from  vegetable  drying  oils.  The 
same  stricture  holds  good  for  the  further  suggestion  made  by  Halphen, 
viz.  to  differentiate  the  ether-insoluble  bromides  obtained  fr-om  linseed 
oil,  fr'om  those  yielded  by  marine  animal  oils,  by  their  behaviour  with 
boiling  carbon  tetrachloride.  Experiments  made  in  the  author's 
laboratory  proved  that  the  ether-insoluble  bromide  fr'om  linseed  oil 
does  dissolve  in  hot  carbon  tetrachloride,  and  gives  a  somewhat  crystal- 
line precipitate  on  cooling,  whereas  the  ether-insoluble  bromide  from 
marine  animal  oils  does  not  dissolve  completely  and  gives  a  gelatinous 
precipitate  on  cooling.  It  would,  however,  be  impossible  to  differentiate 
thus  linseed  oil  from  marine  animal  oils  ;  it  is  still  more  hopeless  to 
detect  thus  marine  animal  oils  in  Unseed  oil.  The  different  behaviom- 
in  the  melting-point  test  of  the  ether-insoluble  bromides  of  the  mixed 
fatty  acids  is  so  characteristic  that  Halphen's  solubility  test  is  super- 
fluous. 


a.  Fish  Oils 

The  fish  oils  are  obtained  from  all  parts  of  common  fish— such  as 
the  herring,  sardine,  salmon,  sprat,  etc.— by  boiUng  with  water.  The 
livers  of  these  fish  contain,  as  a  rule,  very  httle  oil,  whereas  the  bodies 
of  the  liver-oil-yielding  fish,  notably  cod  fish,  yield  so  little  oil,  that  it 
is  not  prepared  commercially.  Cod  fish  only  contains  1-8  per  cent, 
and  ling  fish  2-2  per  cent  of  oil.^ 

It  should  be  noted  that  the  industry  of  fish  oils  has  undergone  a 
very  important  change  during  the  last  decade,  in  consequence  of  the 

1  Berichte,  1906,  3574.  Journ.  Pharm.  Chim.,  1894,  359,  391. 

3  Greshoff,  Chem.  Zeit,  1906,  856. 
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replacement  of  fishermen's  sailing  boats  by  steam  trawlers  and  more 
recently  by  motor  boats.  Whereas  in  former  times  fishing  boats 
would  remain  out  at  sea  for  about  a  week  or  two,  the  fish  are  at  present 
brought  to  shore  {i.e.  into  the  rendering  establishment)  almost  withm 
one  day.i  Thus  deterioration  due  to  the  oil  having  remained  for  some 
time  in  contact  with  highly  putrescible  matter  has  been  obviated  to  a 
large  extent.  The  very  dark  colour  and  rank  odour  which  used  to 
characterise  fish  oils  has  therefore  given  place  to  a  somewhat  paler 
colour  and  a  much  less  unpleasant,  though  still  strongly  pronounced, 
fishy  smell.  Oils  so  obtained  lend  themselves  readily  to  refining 
operations  ;  it  may,  however,  be  mentioned  that  special  processes 
applied  by  the  author  on  a  large  scale  to  oils  of  rank  odour  have  brought 
even  these  oils  within  the  reach  of  industrial  application. 

In  consequence  of  these  improvements,  and  the  erection  of  estab- 
lishments in  which  rendering  is  conducted  on  such  a  large  scale  that  the 
separation  of  livers  fi-om  the  bodies  of  oil-yielding  fish  is  performed 
more  carefully,  commercial  fish  oils  are  now  comparatively  free  from 
liver  oils,  which  were  so  prevalent  in  the  fish  oils  of  former  years. 
The  analytical  numbers  published  by  earlier  observers  frequently 
referred  to  a  mixture  of  fish  and  liver  oils,  a  fact  which  explains  the 
large  amount  of  unsaponifiable  matter  stated  to  occur  in  fish  oils. 
These  unsaponifiable  matters  were  due  to  the  presence  of  liver  oils, 
as  also  of  liquid  and  solid  waxes,  which  were  intermixed  with  the  fish 
oils.  Hence  those  numbers  which  appeared  to  the  author  unreliable 
have  been  omitted  from  the  following  pages. 

Many  attempts  have  been  made  to  deprive  the  fish  oils  of  their 
peculiar  fishy  taste,  and  to  bring  them  within  the  range  of  edible  oils.^ 
All  these  endeavours  have  failed  hitherto,  but  the  tempting  nature  of 
the  problem  is  still  attracting  the  attention  of  inventors.  A.  de 
Hetnptinne  patented  a  process  ^  for  treating  fish  oils  with  ozone,  with 
a  view  to  removing  their  peculiar  taste.  I  can  state  from  my  own 
experience  with  samples  treated  by  this  process,  that  it  does  not  appear 
unpromising,  but  hitherto  oils  so  treated  have  not  appeared  on  the 
market.  Welfling'^  as  also  van  der  Heyden^  suggest  to  deodorise 
fish  oils  by  extraction  with  alcohol,  followed  by  filtration  over  char, 
fuller's-earth. 

Less  deserving  of  attention  are  the  processes  aiming  at  the  treatment 
of  fish  oils  or  their  fatty  acids  with  concentrated  sulphuric  acid,*'  or 
with  sulphuric  acid  and  sodium  nitrate.'  E.  Bohn^  claims  to  deo- 
dorise fish  oils  by  heating  them  in  vacuo  to  a  temperature  of  350  to 
400°  C.    E.  Petersen  and  H.  Holstein  ^  treat  with  superheated  steam 

'  (Petrol)  Motor  boats  in  sardine  fishing. 

2  Cp.  Lewliowitsch,  "Problems  in  the  Fat  Industry," /owm.  Soc.  Chem.  Lid.,  1903, 
592.    Cp.  also  Vol.  HI.,  "Edible  Oils." 

English  patent  12.525,  1905  ;  German  patent  169,410. 

■»  French  patent  394,456.  "  French  patent  394,530. 

'•  Sandherg,  German  patent  162,638  ;  French  patent  329,256  ;  English  patent 
2202,  1903. 

^  Potolowsky,  United  States  patent  823,361.         ^  English  patent  7901,  1906. 
"  German  patent  202,576,  1908  ;  Norwegian  patent  18,305,  1907. 
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and  char  and  chalk.  Bottaro  ^  states  that  odourless  fish  oil  fatty  acids 
are  obtained  by  saponification  with  lime  and  by  decomposing  the  lime 
soap  with  sulphurous  acid.^ 

Tsujimoto  ^  attributes  the  fishy  odour  of  marine  animal  oils  to  the 
presence  of  the  glyceride  of  clupanodonic  acid,  and  states  that  in  order 
to  deodorise  the  oils  this  glyceride  must  be  either  removed,  or  its 
constitution  altered.  It  should  be  noted  that  on  hydrogenating  fish 
oils  by  means  of  a  catalyst  the  characteristic  fishy  odour  disappears. 

Panzer  *  has  shown  that  the  flesh  of  fish  which  has  been  packed  in 
ice  contains  a  considerable  amount  of  indol,  and  ascribes  to  this  its 
peculiar  smell.  Attempts  have  been  made  to  deodorise  fish  oils  by 
means  of  the  action  of  dilute  sulphuric  acid  and  0-2-0-5  per  cent  of 
zinc  dust.  For  the  detection  of  fish  oUs  in  animal  or  vegetable  oils 
the  bromide  test  (Vol.  I.  p.  475)  should  be  applied  to  the  liquid  fatty 
acids  prepared  by  the  lead-salt-ether  method  (see  Vol.  I.  p.  545),  great 
care  being  taken  to  avoid  oxidation  during  their  isolation.  The 
melting  point  of  the  bromide  shows  at  once  if  any  fish  oil  is  present. 
If  the  bromide  does  not  melt  it  should  be  extracted  with  boiling  benzene, 
when  the  hexabromide  wiU  pass  into  solution  leaving  the  pure  octo- 
bromide  undissolved.  The  saturated  fatty  acids  should  be  examined 
for  erucic  acid  by  hydrogenating  and  subsequently  isolating  behenic 
acid  (see  Vol.  I.  p.  555). 

The  chief  centres  of  the  fish  oil  industry  are  the  northern  ports 
of  the  east  and  west  coasts  of  Great  Britain,  Gloucester  on  the  east 
coast  and  San  Francisco  on  the  west  coast  of  the  United  States,  and 
the  east  and  west  coasts  of  Canada.  Japan  is  at  present  making  great 
efforts  to  place  its  fish  oil  industry  on  a  proper  commercial  basis. 
Smaller  quantities  of  oils  are  furnished  by  the  sardine  packing  works, 
in  which  sardine  oil  is  prepared  as  a  by-product,  and  by  some  minor 
installations,  such  as  an  establishment  in  Alt-Pillau  (Bast  Prussia), 
where  miscellaneous  fish  caught  in  the  Baltic  are  worked  up  by  macera- 
tion between  rollers,  drying  of  the  comminuted  mass,  and  extraction 
with  "  benzine." 

If  fish  oils  are  allowed  to  stand  for  some  time,  especially  at  low 
temperatures,  larger  or  smaller  quantities  of  "  stearine  "  separate. 
This  "  stearine  "  (  "  fish  stearine  ")  is  collected  separately  (cp.  Vol.  III. 
Chap.  XVI.). 

1  English  patent  23,534,  1906  ;  German  patent  230,123.  Cp.  also  E.  Marks, 
English  patent  17,430,  1912  ;  C.  Welfling,  French  patent  394,456  ;  G.  van  der  Heyden, 
French  patent  394,530. 

2  Cp.  also  Hofman,  Belgian  patent  260,360  ;  Gelwerk,  Berlin  G.m.b.H.  ;  Italian 
patent  409/133/132,238. 

3  Joiirn.  Coll.  Eng.  Tokyo  Imp.  Univ.,  1908,  177. 
■»  Chem.  Zeit.,  1909,  1016. 
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MENHADEN  OIL 

French— Hm7e  de  menhaden  ;  Huile  d'Alose.  Gexman—Menhadendl. 
Italian — Olio  di  menhaden. 

For  table  of  characteristics  see  p.  414. 

Menhaden  oil  is  an  American  fish  oil,  and,  like  other  fish  oils,  is 
prepared  fi-om  the  body  of  fish,  especially  from  that  of  the  menhaden, 
Alosa  menhaden,  Cuv.  {Brevoortia  tyrannus),  a  fish  somewhat  larger 
than  a  herring.  From  about  May  until  November  this  fish  appears  in 
enormous  quantities  ofi  the  Atlantic  coast  (especially  ofi  New  Jersey), 
so  that  as  much  as  400,000  tons  are  caught  in  one  season.  A  centmy 
ago  it  was  part  of  the  duties  of  the  farmer  along  the  Atlantic  coast  to 
devote  some  weeks  in  each  year  to  catching  menhaden  fish  for  use  as 
a  fertiliser. 

The  fish  are  delivered  from  the  steamers,  by  means  of  elevators, 
on  to  automatic  conveyors,  from  which  they  are  passed  over  automatic 
scales  into  large  boiling  pans.  These  are  provided  with  false  bottoms, 
below  which  open  steam  coils  are  fixed.  On  boiling  the  contents  of  the 
pan  the  fish  are  disintegrated  and  the  oil  separates  easily  from  the  flesh. 
After  turning  off  the  steam  and  allowing  the  mass  to  rest,  the  oil  rises 
to  the  top  and  can  be  skimmed  off  by  means  of  swivel  skimmers 

During  the  last  few  years  boiling  vessels  have  been  introduced  which 
permit  of  continuous  working,  the  fish  being  passed  on  conveyors 
through  the  boilers,^  whilst  open  steam  acts  on  the  fish.  The  time 
required  for  the  fish  to  pass  through  the  boiler,  lasts  from  fifteen  to 
twenty  minutes.  The  whole  mass  is  then  transported  by  screw  con- 
veyors into  settling  tanks,  where  the  oil  separates  by  gravitation.  In 
either  process  the  "  fish  scrap  "  falls  to  the  bottom  of  the  vessels,  and 
is  then  pressed  in  hydraulic  presses,  similar  to  those  used  in  the  workmg 
up  of  "  tankage  "  (see  Vol.  III.  Chap.  XVI.),  when  a  further  quantity 
of  oil— inferior  in  colour — is  obtained.  In  some  works  such  pressed 
cake— termed  "  chum  "—is  boiled  out  with  hot  water  and  pressed 
once  more  ;  but  this  process  is  not  carried  out  in  large  works,  as  it  is 
not  remunerative,  the  fish  only  containing  from  1  to  16  per  cent  of  oil 
(cp.  Vol.  II.  Chap.  XIII.)  The  scrap  is  finally  dried  in  continuous 
dryers,  of  which  various  types  are  in  use  {Anderson  dryer,  Cummer 
dryer,  vacuum  dryers),  and  is  sold  as  a  valuable  manure.^  In  fact  the 
scrap  "  was  formerly  considered  as  the  main  product,  and  it  is  owing 
to  the  demand  for  scrap  that  the  fish  oil  industry  has  assumed  such  large 
dimensions. 

'  Cp.  French  patent  416,558.    Lange,  Pujol  and  Delpon. 

'•^  Cp.  English  patent  25,42.5,  1901,  F.  V.  Speltie,  and  Gennau  patent  151,553,  F.  V. 
Speltie  ;  cp.  also  French  patent  338,472,  "  Procede  et  appareil  pour  la  fabrication  continue 
d'hnile  de  poisson  et  de  guano,"  H.  J.  A.  Ponipe  van  Meerdeervorto  ;  German  patent 
135,566,  Ch.  Wacker  ;  English  patents  24,604,  1901  ;  18,743,  1902,  E.  R.  Edson  (iu  the 
name  of  Haddon).  German  patents  139,969  ;  141,595,  149,613,  E.  R.  Edson.  German 
patent  168,132,  P.  Hagen.    English  patent  25,882,  1906,  Pearson. 

Cp.  C.  Kippenberger,  ZeJlschr.  f.  angcw.  chem.,  1913,  154.  Cp.  also  V.  Canibon, 
Portuguese  patent  7801,  1911. 
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With  the  extension  of  the  industry,  new  uses  have  been  foimd  for 
the  on  itself,  which  ranks  equal  in  value  to  the  scrap,  but  fetches  a 
much  higher  price  when  the  price  of  linseed  oil  is  high.^ 

In  order  to  show  the  extent  of  the  menhaden  fish  oil  industry  the 
following  table,  published  by  the  United  States  Fish  Commission  of 
Washington,  is  given  : — 


Year* 

No.  of 

Number  of 
Fish  worked 

Oil  Produced. 

Fish  Scrap 
Produced. 

Value  of 

Tnf  a  1  Prn. 

duction. 

Works. 

up,  in 
Thousands. 

Gallons. 

Value 
in 
Dollars. 

Tons. 

Dollars. 

Dollars, 

Connecticut  \ 
New  York  / 

1912 

8 

317,405,700 

3,613,500 

838,216 

28,374 

484,303 

1,322,519 

New  Jersey  Y 
Delaware  / 
Virginia 

North  Carolina  \ 
Florida  / 

1912 
1912 
1912 

7 
20 
13 

148,517,400 
511,061,050 
84,859,600 

957,337 
1,907,083 
173,283 

247,831 
420,948 
38,995 

12,766 
40,255 
7,125 

252,339 
1,208,321 
193,202 

500,170 
1,635,269 
232,197 

Total  . 

4S 

1001,843,750 

6,651,203 

1,551,990 

88,620 

2,138,165 

3,090,155 

The  colour  of  menhaden  oil  varies  according  to  the  state  of  freshness 
in  which  the  fish  arrives,  and  with  the  duration  of  the  boiling  process. 
The  longer  the  oil  has  been  allowed  to  remain  in  contact  with  the 
putrescible  mass  and  the  longer  the  fish  has  been  boiled,  and  hence  the 
longer  the  oil  has  been  in  contact  with  the  gluey  water,  the  darker  is  its 
colour.  Therefore,  the  separation  of  the  oil  from  the  gluey  water  is 
carried  out  as  rapidly  as  possible.  Fresh  fish  yield  a  light  coloured  oil ; 
the  oil  running  from  the  "  scrap  "  in  the  presses  is  the  darkest  in  colour. 

In  commerce  the  following  three  qualities  are  known  : — "  Prime 
Crude,"  "  Brown  Strained,"  and  "  Light  Strained  Oil."  Frequently 
the  oils  are  differentiated  into  four  grades  :  A,  B,  C,  and  D.  A  being 
extra  pale,  B  pale,  C  brown,  and  D  dark  brown  oil.  Since  the  menhaden 
oil  industry  extends  now  along  the  Atlantic  coast  even  down  to  Texas, 
the  trade  differentiates  also  between  northern  menhaden  oU  and 
southern  menhaden  ^  oil.  It  is  therefore  desirable  that  in  future  the 
origin  of  an  oil,  the  characteristic  numbers  of  which  are  published,  be 
described  as  fully  as  possible.  The  process  of  refining  consists  mainly 
in  brightening  the  oil  by  filtering,  etc. 

The  light-colom-ed  oils  are  allowed  to  rest  some  time  m  the  cold 
whereby  "  stearine  "  separates  ;  thus  the  "  winter  oUs  "  are  obtained. 
They  are  then  bleached  by  filtering  over  fuller's-earth,  etc.  ;  in  this 
manner  two  grades  are  obtained,  viz.  "  bleached  winter  white  "  and 
"  bleached  winter  "  oils. 

Menhaden  oil  consists  almost  entirely  of  glycerides,  as  is  shown 

1  Cp.  J.  Turrentine,  Journ.  Ind.  Eng.  Chem.,  1913,  378. 

2  Southern  Menhaden  oil,  "  A  "  qnality,  is  very  pale  but  contains  more    f  emne 
than  the  northern  oil ;  as  the  trade  term  runs,  it  is  more  "  tender    and  congeals  readily 
at  low  temperatures. 
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by  its  saponification  value,  the  proportion  of  glycerol  it  yields  on 
saponification,  and  the  small  amount  of  "  unsaponifiable  matter. 
The  chemical  composition  of  the  unsaturated  glycerides  is  not  known 
yet.  Bull  states  that  he  isolated  from  a  specimen  of  menhaden  oil 
23  per  cent  of  a  fatty  acid,  having  the  neutralisation  value  197-0,  and 
absorbing  312-5  per  cent  of  iodine. 

As  clupanodonic  acid  absorbs  theoretically  367-7  per  cent  of  lodme, 
the  acid  isolated  by  Bull  must  have  contained  considerable  quantities 
of  clupanodonic  acid.  . 

Two  specimens  of  hardened  marine  animal  oils  examined  by  Gnmme 
had  a  tallowy  consistence,  and  gave  the  following  characteristics  :— 


Specific  gravity  at  15°  C. 
Melting  point,  °  C. 
Solidifying  point  . 
Refractive  index  at  40°  C. 
Acid  value 
Saponification  value 
Iodine  value  (Wijs) 


0-9271 

0-9256 

47-2 

38-5 

34-9 

31-5 

1-4529 

1-4575 

1-94 

1-00 

189-3 

188-8 

23-24 

58-34 

Grimme  states  that  the  colour  reactions  of  hardened  fish  oils  do  not 
correspond  with  those  of  the  raw  oils.  He  also  gives  a  table  of  colour 
reactions  of  hardened  seal,  whale,  liver  and  fish  oils,  without,  however, 
indicating  to  what  extent  hydrogenation  has  been  carried  out. 

The  amount  of  unsaponifiable  matter  found  by  several  observers 
is  given  in  the  following  table  : —  ^ 


Unsaponifiable  Matter 


Colour  of  the  Oil. 

Per  cent. 

Observer. 

Pale  yellow  .... 

Red  

Yellowish-red  (Levantine)  . 
Brown  ..... 
E.xtra  pale  .... 

0-61 

0-  82 

1-  43 
1-60 
1-43 

Fahrion 

Thomson  and  Ballantyne 
Bull 

The  unsaponifiable  matter  consists  chiefly  of  cholesterol,  to  the 
presence  of  which  the  slight  optical  activity  of  menhaden  oil  is  due. 
A  sample  examined  by  Liverseege  showed  in  a  200-mm.  tube  a  deviation 
of  -  1°  ;  the  same  sample  gave  in  the  Valenta  test  80°  C. 

Jean  found  in  menhaden  oil  0-02  per  cent  of  iodine. 


1  Chem.  Revue,  1913,  129. 


[Table 


GLYCEEIDES — MARINE  ANIMAL  OILS 


CHAP. 


o 


00  05 
00  00 


I 


c3  >> 


I-  OT 


o  ce  S  ^ 
P-  o  03  * 

a  -a     J  » 


CO  CO 

OS  o> 


«  CI 

Cvl  CJ  O 
00  1^  m 
IM  (N  IM  CO 
OS  OS  OS  OS 

0000 


S 


I 


s 

CO 


a  ■■ 


O  >-l  (M 

00 


000 

(M 


.0 

O 


a 


00 


CO 


P. 

E 


p. 

03 


203 


to 
o 

CO 


a  a  -c 

;  a  "S  g 


a 


a 

OS 

OS 

0 

CO 

^  CO 

10 

t-l  1-1 

1— » 

CO  (M  t;^       OS  O 

(N  05  0  O  CN  O 
CO  CO  O  OS  CO 


S  Jo 

~  .if  ^  2 
=0  »  .^"s 


£  u 

<  O 

§0 

(M  O 

M  3 

•™  o 

o  J 

^       O  =3 

'O  .-^  rH  'rJ 

O   ^3  — 
ej   LO  as 


o 


■5  g 

is  S  -  - 


.-I 


CO  0) 


SIV 


MENHADEN  OIL 


415 


For  the  detection  of  menhaden  oil  in  cod  liver  oil,  A.  Hoppenstedt  ^ 
gives  the  following  colour  reaction  : — 5  c.c.  of  the  oil  are  placed  in  a 
test-tube  together  with  5  c.c.  of  acetone.  1  c.c.  of  concentrated  hydro- 
chloric acid  is  added  and  the  tube  shaken  for  one  minute.  The  contents 
are  then  mixed  with  5  c.c.  of  petroleum  ether  and  allowed  to  separate. 
In  the  case  of  pure  menhaden  oil  the  lower  layer  assumes  an  intense 
bluish-green  colour,  whereas  the  cod  liver  oil  gives  a  yellow  to  brown 
colour.  In  a  mixture  of  equal  parts  of  cod  liver  oil  and  menhaden  oil 
the  green  colour  predominates,  but  a  mixture  containing  20  per  cent 
of  menhaden-  oil  can  no  longer  be  recognised  as  the  green  colour  is 
masked  by  the  brown  colour  of  the  cod  liver  oil. 

Alsop  ^  believes  that  menhaden  oil  can  be  detected  in  cod-liver  oil 
by  the  acid,  saponification,  and  iodine  values,  and  specific  gravity. 
He  gives  the  following  summary  of  some  analyses  of  cod  oils  and 
menhaden  oils  : — 


Cod  Oils. 

Menhaden  Oils. 

jVIini- 
mum. 

Maxi- 
mum. 

Average. 

Brown 
Oils. 

Mini- 
mum. 

Maxi- 
mum. 

Average. 

Specific  gravity  . 

Acid  value  . 
Saponification  value  . 
Iodine  value  (Hubl)  . 

0-922 

11-9 

180 
132 

0-9279 

39-4 
195 
160 

0-9245 

24-8 

184-190 

135-145 

0-9235- 
0-9255 

0-928 

3-53 
189-6 
145 

0-9349 

11-74 
198 
170 

0-929- 
0-931 
5-8 
190-195 
150-160 

Menhaden  oil  is  frequently  adulterated  with  mineral  and  rosin  oils. 

Its  principal  use  is  in  the  cm'rying  trade,  and  in  the  manufacture 
of  sod  oil.  The  oil  is  also  employed  in  soap-making,  for  the  tempering 
of  steel,  and  for  adulterating  Newfoundland  cod  liver  oil  and  paint  oils,^ 
and  also  in  the  manufacture  of  linoleum.  It  is  also  used  for  a  rubber 
substitute  and  for  making  waterproofing  solutions.*  The  oil  used  for 
paint-making  should  be  a  "  winter  oil  "  containing  very  little  solid 
glycerides  and  also  the  least  possible  amount  of  free  fatty  acids.  Cobalt 
tungate  is  stated  by  Lusskin  ^  to  yield  the  best  results  when  used  as  a 
dryer.  When  linseed  oil  is  high  in  price,  menhaden  is  used  to  a  con- 
siderable extent  as  a  substitute  for  linseed  to  the  detriment  of  the 
quality  of  the  products. 

^  Journ.  Amer.  Leather  Chem.  Assoc.,  December  1910. 
2  Ibid.,  1910,  204. 

'  E.  W.  Mann,  .Town.  Soc.  Ohem.  Ind.,  1903,  1357,  describes  a  menhaden  oil  con- 
taining 673  per  cent  of  unsaponifiable  matter,  and  having  the  Reichert  value  2-2  and 
the  iodine  value  H5'8.  Tliese  abnormal  numbers  have  not  been  embodied  in  the 
tables. 

*  English  patent  26,789,  1910. 

^  Eighth  Int.  Cong.  Appl.  Cfiem.,  1912,  sect.  v.  e  (12),  156. 
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JAPANESE  SARDINE  OIL,  JAPANESE  FISH  OIL 

French — Huile  de  sardine  du  J apon.    German — J apanisches  Fischol. 
Italian — Olio  di  sardine  del  Giappone. 

For  table  of  characteristics  see  p.  417. 

Japanese  sardine  oil  is  obtained  from  Clupanodon  melanosticta, 
T.  and  S.  (Japanese  :  ma-iwashi),  a  fish  belonging  to  the  Clupeidce, 
The  fish  is  chopped  and  boiled  with  water,  the  oil  then  separates  on 
the  top.  When  there  is  a  scarcity  of  labour — as  happens  dming  the 
fishing  seasons — the  fish  is  allowed  to  rot  in  heaps ;  the  greater  part 
of  the  oil  then  flows  out  and  the  remainder  is  subsequently  recovered 
by  pressure.  The  oil  obtained  by  the  first  process  is  limpid  and  can 
be  easily  refined,  whereas  the  oil  from  the  second  process  has  a  very 
dark  colour  and  a  nauseous  taste.  The  crude  oil  contains  about  30 
per  cent  of  "  stearine."  ^  It  is  refined  in  Yesso  and  Yokohama  by 
heating  to  50°-60°  C.  for  an  hour,  and  then  running  it  off  into  wooden 
vessels,  where  it  separates  into  three  layers.  The  upper  layer  is  liquid 
and  clear,  the  middle  layer  consists  of  sohd  fat,^  and  the  lowest  layer  of 
water  intermixed  with  albuminous  substances  and  "  scrap." 

Owing  to  the  extension  of  railway  facilities  the  fish  is  now  largely 
sold  for  food. 

By  far  the  greater  part  of  sardine  oil  produced  in  Japan  is  exported 
to  Europe.  In  1905,  14,130  tons  (2,379,267  kin,  valued  at  125,260  yen) 
were  shipped  abroad.  The  remainder  is  used  at  home  for  tanning 
leather,  preparing  paints,  etc. 

As  the  commercial  Japanese  sardine  oils  sold  hitherto  were  more 
or  less  mixed  with  other  fish  oils,  the  numbers  placed  against  "  Com- 
mercial Oils  "  in  the  table  of  characteristics,  p.  417,  refer  to  oils  the 
genuineness  of  which  cannot  be  vouched  for.  The  same  strictures 
apply  to  the  numbers  given  in  the  following  table,  due  to  Fahrion  :— 


I. 

Iodine 
Value. 

IL 

Acid 
Value. 

nr. 

In- 
soluble 
Acids 
-fUn- 
saponi- 
fiable. 

IV. 

Oxidised 
Acids. 
Per  cent. 

V. 

Un- 

saponi- 
fiable. 
Per  cent. 

VI. 

Fatty 
Acids 
freed  from 

Oxidised 
Acids. 

Per  cent. 

VII. 

Molecular 
Weight  of 

vr. 

viir. 

Neutralisa- 
tion Value 
of  the  Fat  ty 
Acids  fn-f.d 
from  Oxi- 
dised Acids.' 

Japanese  fish  oil,  pala  . 

164-0 

10-8 

95 -.52 

1-16 

0-52 

93-84 

282-8 

186-8 

„         brown  . 

157-6 

84-2 

96-58 

0-75 

0-67 

95-16 

281-7 

1S9-1 

pale 

135-7 

12-3 

97-04 

0-41 

0-82 

95-81 

295-7 

181-4 

„  reddisli-brown 

108-5 

34-5 

96-82 

0-62 

0-S6 

95-34 

290-6 

180-0 

„         yellow  . 

100-1 

28-2 

96-51 

0-49 

0-79 

95-23 

290-2 

183-S 

1  This  solid  fat,  brought  into  commerce  under  the  name  "refined  fish  tallow,'  is 
chiefly  used  as  a  degras  sulj.stitute  for  currying  leather  {Jourii.  Soc.  Chem.  Ind., 
1894,  894).    Cp.  also  Vol.  III.  Chap.  XVI. 

-  This  number  is  termed  by  Fahrion  "Inner  saponification  value. 
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The  following  notes  also  refer  to  "  Commercial  Oil  "  : — 
A  sample  of  Japanese  fish  oil  examined  in  the  author's  laboratory 
by  Walher  and  Warburton  ^  yielded  21-22  per  cent  of  ether-insoluble 
brominated  glycerides  ;  the  mixed  fatty  acids  gave  23-23-3  per  cent  of 
an  ether-insoluble  bromide  which  became  black  at  200°  C,  without 
melting.  Another  sample  of  Japanese  fish  oil  containing  some  liver 
oil,  and  deodorised  on  a  large  scale  by  a  special  process,  yielded,  in 
the  bromide  test,  49-53-3  per  cent  of  brominated  glycerides  ;  its  mixed 
fatty  acids  gave  38-39-3  per  cent  of  a  brominated  product  which  tm-ned 
black  at  200°  C,  without  melting. 

Bull  states  that  he  has  isolated  from  a  number  of  Japanese  fish  oils 
5-75-26-4  per  cent  of  liquid  fatty  acids,  absorbing  292-8-358-3  per  cent 
of  iodine. 

Three  specimens  of  undoubtedly  pure  Japanese  sardine  oils,  fi'ee 
from  other  fish  oils,  were  examined  by  M.  Tsujimoto.^  The  character- 
istics obtained  by  him  are  recorded  in  the  tafble,  p.  417.  On  brominating 
the  mixed  fatty  acids  47-09,  44-24,  and  44-88  per  cent  respectively  of 
clupanodonic  octobromide  were  obtained.  Since  100  parts  of  the  octo- 
bromide  correspond  to  30-16  parts  of  clupanodonic  acid,  the  mixed 
fatty  acids  of  Japanese  sardine  oil  contain  13-34-14-20  per  cent  of 
clupanodonic  acid. 

Clupanodonic  acid  and  other  acids  of  the  series  Cj^Haji-gOa  can  be 
partially  removed  by  distilling  the  fatty  acids  in  a  current  of  super- 
heated steam  or  under  reduced  pressure,  as  these  acids  do  not  distil  so 
readily  as  the  less  unsaturated  acids 

Japanese  fish  oil  must  not  be  confounded  with  Japanese  cod  liver 
oil.  Japanese  fish  oil  is  used  in  Europe  in  the  leather  industries,  and 
for  making  soft  soap. 


SAEDINE  OIL 

French — Huile  de  sardine.  German — Sardinendl. 
Italian — Olio  di  sardine. 

This  oil  is  obtained  from  Clupea  sardinus,  L.,  in  the  preparation 
of  tinned  sardines.  The  heads  of  the  sardines  are  cut  off,  and  the  oil 
is  expressed  from  the  "  scrap."  Large  quantities  of  this  oil  are  prepared 
on  the  Spanish  and  French  coasts.  The  oil  recovered  on  the  Spanish 
coast  has  been  exported  chiefly  to  Germany,  ostensibly  to  be  used  m 
the  manufactm-e  of  varnishes  (see  below). 

Some  characteristics  of  sardine  oils,  due  to  Fahnon,  are  given  lu 
the  following  table  :— 


1  Analyst,  1902,  237. 
2  Jov/rn.  CqU.  Eng.  Tokyo  Imp.  Univ.,  1906,  vol.  iv.  p.  1. 
3  Tsujimoto,  Chera.  iievue,  1913,  8. 
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I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

vni. 

Iodine 

^Acid 

In- 
soluble 
Acids 
+Un- 
saponi- 
fiable. 

Oxidised 
Acids. 
Per  cent. 

Un- 
saponi- 
fiable. 
Per  cent. 

Fatty 
Acids 
freed  from 

Oxidised 
Acids. 

Per  cent. 

Mfilccular 
Weight  of 
VI. 

Neutrali.sa- 
tion  Value 
of  the  Fatty 
Acids  freed 
from  Oxi- 
dised Acids. ^ 

iftrdiue  oil,  yellow 

191-7 

19-2 

95-60 

0-61 

0-48 

94-51 

285-7 

185-2 

,,        red  . 

107-9 

ai-7 

96-55 

1-35 

1-01 

94-19 

297-7 

177-2 

„        reddish  yellow  . 

160-9 

4-6 

97-08 

0-94 

0-63 

95-51 

299-5 

179-5 

The  solid  fatty  acids  in  a  specimen  of  sardine  oil  examined  by 
Fahrion  were  at  first  stated  to  consist  of  palmitic  acid  only  ;  aftervpards 
he  modified  this  statement  by  allowing  a  smaU  quantity  of  stearic  acid, 
palmitic,  however,  preponderating.  The  liquid  fatty  acids  did  not 
contain  physetoleic  acid  (Chap.  III.),  nor  could  oleic,  Knolic,  or  either 
of  the  two  linolenic  acids  be  detected.  The  unsaturated  fatty  acid  was 
stated  to  be  jecoric  acid,  CigHgoOa  (fi'om  jecur,  liver  ;  though  sardine 
oil  is  not  a  liver  oil),  an  isomeride  of  linolenic  acid,  but  differing  from  it 
essentially  in  that  it  does  not  conform  to  Hazura's  rule  (Chap.  III.). 
According  to  this  rule  it  should  yield,  on  oxidation  with  potassium 
permanganate  in  alkaline  solution,  a  hexahydroxy  acid,  whereas  it  is 
apparently  broken  down  with  the  formation  of  carbonic  and  volatile 
fatty  acids.  Fahrion  considered  this  specimen  of  sardine  oil  to  consist 
of  14-3  per  cent  of  tripalmitin,  and  of  85-7  per  cent  of  trijecorin. 

These  results  have  been  severely  criticised  by  Weiss,^  and  stand 
greatly  in  need  of  confirmation. 

It  has  already  been  pointed  out  above  that  Tsujimoto  could  not 
detect  any  jecoric  acid  in  Japanese  sardine  oil,  and  it  may  therefore 
be  taken  that  neither  does  European  sardine  oil  contain  this  acid.  It 
seems  most  likely  that  also  the  European  sardine  oil  contains  clupano- 
donic  acid.  This  could  be  readily  proved  by  examining  the  behaviour 
of  the  brominated  acids  in  the  melting  point  test. 

Sardine  oil  is  put  to  the  same  uses  as  Japanese  sardine  oil.  The 
employment  of  the  oil  in  the  varnish  industry  can  only  be  looked  upon 
as  an  experiment  which,  doubtless,  has  led  to  failure. 

The  oil  from  Clupea  longiceps,  described  by  Hooper,^  has  been  pro- 
posed as  a  substitute  for  whale  oil  in  jute  "  batching." 


SALMON  OIL 

French — Huile  de  saumon.  German — Lachsol. 
Italian — Olio  di  salmone. 

This  oil  is  obtained  on  a  very  large  scal&  from  the  salmon  {Sahno 
salar,  L.)  as  a  by-product  in  the  salmon-preserving  industry  of  British 

'  Tliis  niitiil]ur  is  termed  by  Fnlirinii,  "  Iiiiiur  .saponificatiou  viihie." 

"  Jouru.  Sue.  Chem.  Ind.,  1893,  937. 

'  Ann.  Rep.  Indian  Museum,  Ind.  Sect.,  1910/11,  G. 
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Columbia.  The  fish  contains  about  20  per  cent  of  oil.  The  oil  is  pale 
golden  yellow,  has  a  mild  smeU,  and  a  tolerably  pleasant  taste. 

The  sample  examined  in  the  author's  laboratory  by  de  Greiff  ^  gave 
the  numbers  recorded  in  the  following  table  of  characteristics  : — 


Physical  and  Chemical  Characteristics  of  Salmon  Oil 


Specific  Gravity 
at  IS-S"  C. 

Saponification 
Value. 

Iodine  Value. 

Uoicliert-Meissl 
Value. 

Refractive  Index, 
Butyro- 
relractonieter. 

0-92586 

182-8 

161  42 

0-55 

"C. 

25 

40 

"  Degrees." 
78 

69-5 

Per  cent. 

Insoluble  acids+Unsaponifiable  .         .         .  95-02 
Iodine  value  of  the  liquid  fatty  acids    .         .  197-4 

The  oil  is  imported  in  large  quantities  iato  this  country,  and  is  used 
in  the  leather  and  soap  industries. 


HERRING  OIL 

French — Huile  de  hareng.    German — Heringsdl,  Eeringslran. 
Italian — Olio  di  aringhe. 

For  table  of  characteristics  see  p.  422. 

This  oil  is  obtained  from  the  several  species  of  herring,  Glupea 
harengus  (North  Sea),  C.  pallasi,  G.  and  V.  (Japan).  Undoubtedly 
genuine  samples  of  herring  oU  extracted  from  fish  caught  in  Hokkaido, 
and  prepared  on  a  large  scale  in  the  same  fashion  as  Japanese  sardine 
oil  (p.  416),  were  examined  by  Tsujimoto.^  On  standing,  the  Japanese 
herring  oils  deposited  some  "  stearine." 

The  exports  of  herring  oil  from  Norway  are  given  in  the  following 
table  : — 


HM. 

Kronen. 

1907 

1,247 

26,700 

1908 

8,063 

127,500 

1909 

16,561 

298,100 

1910 

20,038 

501,000 

The  bulk  of  the  oil  is  exported  to  Germany,  Austria-Hungary,  Great 

1  C'hevi.  Revue,  1903,  223. 
2  Tsujiraoto,  Jmirn.  CoU.  Evg.  Tokyo  Imp.  Univ.  vol.  iv.  No.  i.,  1906. 
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Britain,  France,  Belgium,  and  Holland.  The  scrap  is  worked  up  for 
manure. 

The  Japanese  herring  oils  yielded  on  brominating  3-82  per  cent  and 
6-54  per  cent  respectively  of  clupanodonic  octobromide  (see  above). 
The  u'nsaponifiable  matter  in  the  samples  examined  by  Bull  varied 
from  1-3  to  10-7  per  cent,  and  the  acid  values  from  1-8  to  40-2,  whereas 
the  Japanese  herring  oils  examined  by  Tsujimoto  had  the  acid  values 
2-02-10-42,  and  yielded  from  0-87  to  1-1  per  cent  of  unsaponifiable 
matter. 

Herring  oU,  like  all  other  fish  oils,  is  largely  used  in  the  leather 
industry.  Procter  and  Holmes  ^  have  ascertained  the  changes  which 
fresh  herring  oil  and  "  herring  refuse  oil  "  undergo  on  blowing  with 
air  for  the  number  of  hom's  stated  in  the  table,  at  about  100°  C. 


Fresh  Herring  Oil 


Blown. 

Specific  Gravity. 

Refractive  Index. 

Iodine  Value. 

0- 

0-923 

1-4780 

145-0 

3 

0-923 

1-4781 

145-0 

6 

0-923 

1-4784 

141-0 

9 

0-926 

1-4790 

135-0 

12 

0-927 

1-4795 

133-0 

15 

0-930 

1-4800 

132-0 

18 

0-932 

1-4805 

130-0 

Herring  Refuse  Oil 

Blown. 

Specific  Gravity. 

Refractive  Index. 

Iodine  Value. 

0- 

0-923 

1-4784 

146-0 

3 

0-923 

1-4784 

143-0 

6 

0-924 

1-4785 

142-0 

9 

0-925 

1-4786 

141-0 

12 

0-926 

1-4790 

138-0 

15 

0-927 

1-4795 

136-0 

18 

0-928 

1-4795 

132-0 

A.  Lusskin^  states  that  the  drying  property  of  the  oil,  even  after 
boiling  with  dryers,  is  inferior  to  that  of  menhaden  oil.  The  following 
characteristics  are  given  for  four  herring  oils  : — 


Herring  Oil. 
No.  1. 

Herring  Oil. 
No.  2. 

Herring  Oil. 
No.  2. 
Blown. 

Herring  Oil. 
No.  2. 
Winter-pressed. 
Refined. 

Specific  gravity  at  15°  0. 

Acid  value 

Iodine  value 

Colour  .... 

Odour  .... 

0-9240 
2-4 
137-9 

Very  pale 
Good 

0-9210 
41-9 
130-1 
Dark  brown 
Bad 

0-9654 

25-7 

89-94 
DccjJ  red 
Almost  none 

0-920 
39-4 
136-1 
Extremely  pale 
Fair 

'  Joiirji.  Soc.  Chem.  Ind,,  1905,  1287.  ^  original  oil. 

'  Mg/ith  International  Congr,  A2>pL  Chem.,  1912,  xii.  155. 
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Observer. 
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1-59 
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Observer. 
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ig  Point. 

Observer. 
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Lesser  Known  Fish  Oils  ^ 


Oil. 

Patty  Acids. 

Oil. 

German. 

Prench. 

Italian. 

Source. 

Sp6cific  Gravity. 

Saponification 
Value. 

Xoclins  Value. 

Keiciiert-Meissl 
Value. 

Oxidised 
Per  cent. 

Insoluble  Acids 
-t-Unsaponiflable. 
Per  cent. 

Jleiin  jMolecula.! 
Weight  of  the 
Insoluble  Fatty 
Acids. 

Solidiiying  1 

Point  of 
ratti^  Acids. 

•c. 

Melting  Point 
of  Patty  Acids. 

Butyro- 
refractometer 
at  25*  0. 

Acetyl  Value. 

Acid  Value. 

Unsaponiflable. 
Per  cent. 

Observer. 

Bonito  oil  (1)  . 

Oymnonsarda  afiyiis. 
Cantor 

184-69 

208-92 

0-63 

34-5 

15-80 

Bonito  oil  (2)  . 

182-64 

189-45 

0-49 

32-0 

4-36 

Tunny  fish  oil  . 

185-32 

198-90 

0-62 

; 

31-0 

20-85 

Mackerel  oil 

191-63 

167-43 

1-72 

Fahrion 

Stickleback 

Stichlingstran 

Huile  de  trois-6pines 

Oho  0 

■  ■  . 

spineilo 

Oasterosterus  Irachurics 

162-0 

0-62 

95-78 

287-4 

21-6 

1-73 

Akaiei  oil . 

186-98 

161-95 

32-5 

1-72 

Fahrion 

Anchovy 

•.. 

An  choTistr  an 

Huile  d'anchois 

Oho  d 

acciuga 

EngTCLulis  cncTosicholuSf 

188-1 

T       4  1  fin  o 
loJ-4-Ioy-d 

0-22 

68-0 

H>ond. 

Buttenborg 
Stiiber ' 

Jriicner  \Baraei ) 

oardellenol 

Huile  de  pilchard 

Olio  d 

sardella 

Alausa  pilchardus,  Bl. 

loo-d-lob-1 

150 

1-54-1-98 

68-2-70 
(at  40"  C.) 

Mackerel  pike  . 

184-74 

139-81 

0-26 

26-96 

14-47 

IT  All  QA\rfll  inH 

Saith   oil,  coal 

170 

136-1 

94-0 

fish,  pollock 

Refractive 

Huwart 
BuU 

Whiting  . 

Weissfischol 

Huile  de  cj-prin 

Oho  d 

argentina 

Alburnus  lucidus 

0-9268 

201-6 

127-4 

3-98 

1-4795 
at  22°  C. 
Butyro- 
refracto- 
meter 
76-5 

at  25*  C. 

Heuseval  and 

Deny 
BuU 

Sprat 

Sprottenol 

Huile  d'esprot,  melet 

Oho 

li  sardin 

Clupea  sprattus,  Cuv. 

0-9274 

194-5 

122-5-142  3 

2-4 

95-1 

280 

25- 

l(!) 

27-9 

8-6 

1-36 

(Sprottentran) 

harenguet 

grac 

de 

(at  15°  C.) 

0-23 

1-78 

Sturgeon  . 

Stortran 

Huile  d'esturgeon 

Oho  d 

storione 

Accipenser  sturio 

0-9236 

186-3 

125-3 

Hoi  *  . 
Hoi  . 

Hoiol 

Huile  de  hoi 

(at  16°  C.) 
0-9186 
0-919  (15-5°  C.) 

164-7 
169-0 

116-60 
124-0 

73-7  at  25" 

15-06 

Mann 

Liverseoge  ^ 

64-7  at  40* 

00 

0-79 

2-16 

Eel  oil 
Cramp  fish 

Zitterrochenol 

Huile  de  torpille  ^ 

Ohod] 

torpedine 

Torpedo  tnarmoraia 

0-909 

200-60 
148-2  (?) 

107-42 
107-3 

36-0 

21-97 
24-12 

BuU" 

Sun  fish  ^  . 

"Mondfischol 

Huile  de  mole  de 

Oho  ( 

li  (pesce) 

I 

Mola  mola,  L. 

0-901 

147-6  (?) 

102-7 

i 

Mediterran6e 

mol 

Orthagoriscus  viola,  Bl.^ 

277-7 

28 

33-4 

12-9 

0-18 

Zdarek ' 

Carp  . 

Karpfenol 

Huile  de  carpe 

Olio  d 

I  carpi  one 

Cyprinus  carpio 

0-9107 

202-3 

84-3 

2-1 

(at  27-2°  C.) 

With  regard  to  the  liver  oils  see  table  facing  p.  447. 
■  Zeits.f.  XJnUrs.  d.  Nahrgs-  u,  Gemissm.^  1906,  xii.  341. 


3  Bull  and  Sacther,  Chem.  Zcii.,  1910,  733,  obtained  from  a  sprat  oil  44-8 
per  cent  of  bromides  insoluble  in  a  mixture  of  glacial  acetic  acid  and  etlier. 
It  appears  likely  that  the  iodine  value  of  sprat  oil  lies  above  150. 


*  Norwegian  name,  most  likely  identical  with  piked  dog-fish  belonging  to  the 
Sciualidai,  called  "  hoe  "  in  the  Orkney  Islands.  ] 

»  Analyst,  1904,  211.  Optical  rotation  -  4°|  in  200  mm.  tube.  Valenta 
test,  113°  C.    Refraction  of  fatty  acids  in  Butyro-refractometer  52-7  at  40°  C. 


Cp.  Tolman,  Joun.  Amer.  Cliem.  Soc,  1906,  390. 
'  Zeitschr.  f.  x'hysialog.  Chmi.,  1903,  460. 
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oa. 

German. 

French. 

alar 
itty 

Solid 
Poi] 
Fatty 
°  ( 

Bonito  oil  (1)  . 

Bonito  oil  (2)  . 
Tunny  fish  oil  . 
Mackerel  oil 
Stickleback 
Akaiei  oil  . 
Anchovy  . 

Stichlingstran 
Anchovistran 

Huile  de  trois-epines 
Huile  d'anchois 

OUo  d 
Oho  d 

Pilcher  (Sardel) 

Sardellenol 

Huile  de  pilchard 

nli'n  A 

yjiio  0 

Mackerel  pike  . 
Saith  oil,  coal 

fish,  pollock 
Whiting  . 

Weissfischol 

Huile  de  cyprin 

Oho  d 

■ 

Sprat 

Sturgeon  . 

Sprottenol 
(Sprottentran) 
Stortran 

Huile  d'esprot,  melet 

harenguet 
HuDe  d'esturgeon 

OUo 

gran 
OUo  d 

25- 

Hoi  *  . 
Hoi  . 

Hoiol 

HuUe  de  hoi 

Eel  oil 
Cramp  fish 
Sun  fish  1  . 

Carp  . 

Zitterrochenol 
Mondfischol 
2 

Kat-pfenol 

Huile  de  torpille  * 
Huile  de  mole  de 

Mediterranee 
Huile  de  carpe 

OUodi 
OUo  c 
molt 
OUo  d. 

2 

^  With  regard  to  the  liver  oils  see  table  facing  p.  447.  jitical  witli  j 

-  Zeits.f.  Uniers.  d.  NaJvrgs-  u.  Oenussm.,  1906,  xii.  341.  Islands. 

otation  -  4° 
I  in  Butyro-r 
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DAB  OIL 

FrencL. — Huile  de  Umande. 

This  oil  is  prepared  on  the  north-east  coast  of  Houshiu  (coasts  of 
Aomori,  Iwate,  Miyagi)  from  a  fish  (Japanese  name  "  Karei  ")  which  is 
probably  a  species  of  Limanda.  The  oil  is  reddish  yellow  in  colour 
and  deposits  stearin  on  standing  in  the  cold.  The  following  character- 
istics were  determined  : — 

Oil-— 

Specific  gravity  at  15°  C. 
Saponification  value 
Iodine  value  (Wijs) 
Acid  value 

Refractive  index  at  20°  C. 

Fatty  Acids — 

Melting  point,  °  C. 

Ether-insoluble  brominated  acids,  per  cent 
Oxidised  acids,  per  cent 

From  the  percentage  of  insoluble  bromides  Tsujimoto  ^  calculates 
the  mixed  fatty  acids  to  contain  5-63  per  cent  of  clupanodonic  acid. 

Lesser  known  fish  oils,  see  table  opposite. 


.  185-32 
.  118-53 

0-  83 

1-  4748 


29 

18-66 
0-72 


/3.  Liver  Oils 

The  liver  oils  contain  notable  amounts  of  cholesterol  and  other 
unsaponifiable  substances.  These  bodies  must  be  looked  upon  as  the 
chromogenetic  substances  producing  the  colour  reactions  (especially 
when  the  oils  are  rancid)  which  were  formerly  considered  as  character- 
istic of  liver  oils.  At  present  only  the  sulphuric  acid  colour  test  can 
be  looked  upon  as  having  decisive  importance  ;  the  blue  colouration 
which /res^  liver  oils  in  a  solution  of  carbon  bisvlphide  give  with  cone, 
sulphuric  acid  is  very  distinct ;  if  the  oils  are  rancid  a  purple,  or  even 
dark  brown,  colouration  takes  the  place  o  the  blue.  Experiments 
carried  out  in  my  laboratory  on  a  number  of  liver  oils  obtained  from 
different  fish,  as  also  experiments  by  TicLmirow  and  Kaiser,^  confirm 
that  this  colour  test  is  a  general  reaction  for  liver  oils.  The  observation 
made  by  the  author  (Chap.  VII.),  viz.  that  some  blubber  oils  also  give 
the  blue  colouration  in  the  sulphuric  acid  test,  was  explained  by  assum- 
ing an  admixture  with  liver  oil.  Thomson  and  Dunlop  have,  however, 
recently  stated  that  a  seal  oil  of  undoubted  purity,  as  also  a  genuine 
porpoise  oil,  showed  the  blue  violet  colouration  with  concentrated 
sulphuric  acid. 

'  Jourii.  Coll.  Eng.  Tokyo  Imp.  Univ.,  1908,  vol.  iv.  177. 
^  Chem.  Zeit.  Rej).,  1895,  .310. 
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The  intensity  of  the  phospho-molybdic  acid  test  (Chap.  VII.)  is 
also  characteristic.  If  the  chloroformic  solution  of  a  liver  oil,  after 
shaking  with  the  phospho-molybdic  acid  reagent,  be  allowed  to  stand, 
there  is  formed  a  blue  ring  at  the  zone  of  contact  of  the  two  layers, 
no  doubt  due  to  the  neutraUsing  action  of  the  bases  in  the  oil.  In  this 
form  the  phospho-molybdic  test  may  serve  to  identify  a  liver  oil. 
Rancid  liver  oils,  however,  do  not  give  a  distinct  colour  reaction. 
Whereas  the  sulphuric  acid  test,  as  a  rule,  indicates  liver  oil,  the  phospho- 
molybdic  acid  test  must  not  be  looked  upon  as  having  the  same  import- 
ance for  discriminative  purposes. 


COD  LIVER  OIL 

French — Huile  de  foie  de  morue.  German — DorscJdeberol,  Leherol} 
Italian — Olio  di  fegato  di  merluzzo. 

For  tables  of  characteristics  see  pp.  433,  434. 

Genuine  cod  Hver  oil  is  obtained  from  the  Hver  of  the  cod,  Gadus 
morrhua  (and  of  the  dorsch,  the  young  of  G.  morrhua,  formerly  con- 
sidered a  separate  species,  Gadus  callarias). 

The  habitat  of  the  cod  is  not  yet  known  precisely,  yet  annually 
at  certain  times  enormous  shoals  of  cod  fi-equent  the  coast  of  the 
northern  seas,  chiefly  the  coasts  of  Norway,  Scotland  (Iceland),  the 
east  coasts  of  the  United  States  and  of  Canada,  the  coast  of  Newfound- 
land, as  also  the  west  coast  of  the  United  States  and  the  coasts  of  Japan 
and  Siberia.  The  best  known  and  oldest  fishing-grounds  are  those  of 
Norway,  where  the  fish  makes  its  appearance  at  regular  seasons.  Thus 
in  the  Lofotes  the  cod  appears  in  February,  and  the  fishing  season  lasts 
from  February  till  April.  Then  the  cod  makes  its  appearance  at 
Finmarken  in  Jime,  but  here  the  fish  seem  to  arrive  in  a  still  immature 
condition,  and  hence  do  not  yield  as  much  oil  as  the  fish  caught  off  the 
Lofoten  coast.  Moreover,  the  cod  frequenting  the  Finmarken  coast  is 
accompanied  by  other  fish,  whose  fivers  natm-ally  become  mixed  with 
those  of  the  cod.  Hence  the  Finmarken  cod  liver  oil  is  not  considered 
of  the  same  high  quality  as  the  Lofoten  oil.  The  chief  object  of  the  cod- 
fishing  industry  was,  of  course,  to  "  cure  "  the  fish  after  cleaning  it, 
the  livers  being  thrown  away  together  with  the  most  putrescible  parts 
of  the  fish,  which  did  not  permit  of  curing.  No  doubt  the  manufactm'e 
of  cod  liver  oil  was  due  to  the  accidental  discovery  that  from  the  heaped- 
up  fivers  an  oil  exuded,  which  was  found  to  possess  medicinal  properties. 
Since  then  the  cod  liver  oil  industry  has  assumed  considerable  dimensions, 
as  may  be  gathered  from  the  fact  that  in  1905,  41,907  hectofitres  of 
medicinal  oil  (and  12,960  hectolitres  of  cod  oil),  and  in  1906,  42,908  hi. 
of  steam  cod  hver  oil,  were  produced  in  Norway. 

The  following  table  shows  the  variations  in  the  production  of  cod 

1  The  German  terra  "  Kabeljauleberol "  should  uot  be  applied  to  cod  liver  oil,  but 
should  be  reserved  for  haddock  liver  oil  (see  table  facing  p.  447). 
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liver  oil  in  the  Lofoten  Islands  during  the  last  twenty-three  years.^ 
The  numbers  given  for  March  and  April  include  the  production  of  the 
previous  months  : — 


Production  of  Medicinal  Cod  Liver  Oil  in  the  Lofoten  Islands 


Year. 

January -February. 

March. 

April. 

Equivalent  iu 
IBarrels. 

Hect. 



Hect. 

Hect. 

1886 

2990 

9,329 

10,000 

8,620 

1887 

753 

8,044 

9,500 

8,169 

1888 

3442 

15,057 

16,100 

13,879 

1889 

655 

7,933 

12,900 

11^120 

1890 

2261 

14,340 

16,700 

14,396 

1891 

420 

13,570 

19,600 

16,896 

1892 

1970 

6,600 
15,528 

7,920 

6,828 

1893 

3178 

18,550 

15,992 

1894 

1993 

8,160 
10,700 

12,231 

10,544 

1895 

845 

12,300 

10,604 

1896 

400 

6,240 

8,' 850 

7'629 

1897 

2336 

11,000 
6,510 

18,260 

15,741 

1898 

600 

11,254 

9,702 

1899 

1934 

11,299 

18,450 

15,906 

1900 

1301 

7,965 

10,752 

9,269 

1901 

1592 

12,051 

15,889 

13,697 

1902 

634 

7,768 

9,628 

8,300 
529 

1903 

252 

614 

1904 

833 

2,690 

2,319 

1905 

374 

6,183 

11,493 

9,909 

1906 

3232 

12,974 

16,952 

14,614 
51,000 

1908 

1909 

43,000 

In  Newfoundland  and  on  the  coast  of  Labrador  the  cured  fish  was 
also  the  main  product,  and  the  liver  oil  industry  has  only  gradually 
assumed  the  proportions  it  possesses  to-day.  The  chief  attention 
having  been  paid  to  the  fish,  the  cod  liver  oil  industry  has  lagged 
behind  that  of  Norway  as  regards  medicinal  cod  liver  oil,  although  the 
nearness  of  the  fishing-grounds  to  the  rendering  establishments  per- 
mitted, at  an  early  stage  of  the  cod  oil  industry,  the  production  of 
commercial  cod  oil  of  a  better  quality  than  could  be  obtained  in  this 
country  (see  below).  During  the  last  few  years  the  cod  fish  industry 
has  assumed  enormous  dimensions  on  the  Pacific  coast,  especially  so 
of  the  United  States,  and  bids  fair  to  surpass  in  dimensions  the  great 
industry  of  the  east  coast  of  America.  Up  to  a  few  years  ago  San 
Francisco  was  the  greatest  cod  fish  centre  of  the  Pacific  coast,  the  fishing 
vessels,  which  exploited  chiefly  the  fishing-grounds  near  the  Shumagin 
Island  on  the  south  of  Alaska,  bringing  their  cargoes  to  San  Francisco. 
Recently  enormous  rendering  establishments  have  been  erected  at 
Anacortes  in  Puget  Sound,  and  also  at  Vancouver.  (In  British  Columbia 
hitherto  Uttle  attention  has  been  paid  to  the  cod  industry,  as  the  chief 


1  Bousfleld,  C?iemist  and  Druggist,  1907,  207. 
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interest  was  cientred  in  the  catch  of  salmon  and  halibut.)  All  estab- 
lishments in  the  three  cm-ing  stations  named  send  out  fishing  flotillas 
to  the  south  of  Alaska.  At  present  the  manufacture  of  medicinal  cod 
liver  oil  plays  an  unimportant  part  on  the  west  coast  of  America,  as  the 
amount  of  detailed  attention  required  in  the  production  of  the  best 
quahties  is  still  wanting. 

Latterly  Japan  has  also  entered  the  Usts  as  a  manufactm-er  of  cod 
liver  oil,  both  medicinal  and  commercial.  The  enormous  fishing- 
grounds  in  the  Okhotsk  sea,  where  cod  is  most  plentiful,  have  been 
leased  to  the  Japanese,  and  a  large  production  of  both  medicinal  oil, 
as  also  commercial  cod  oil,  may  be  expected  in  the  near  future. 

In  order  to  illustrate  by  a  few  figures  the  extent  of  the  cod  industry, 
and  indirectly  that  of  the  cod  liver  oil  industry,  it  may  be  stated  that 
the  marketed  value  of  the  cod  products  of  Canada  were  estimated  at 
3,368,750  dollars  in  1912.  The  exports  fi-om  Newfoundland  in  1912 
were  9,418,000  kilos,  of  fish. 

The  fish  is  caught  either  by  hook  and  fine  or  in  nets  (cod  traps). 
The  latter  method  is  extensively  used  where  the  fish  can  be  driven  into 
narrow  fjords,  as  e.g.  in  Norway.  It  is  said  that  the  fish  caught  in  net 
is  fatter,  and  yields  therefore  a  larger  liver  and  more  oil,  than  the  fish 
caught  by  hook  and  line.  The  head  of  the  fish  is  severed  from  the  body, 
the  fish  split  along  the  abdomen,  and  the  liver  thrown  out  by  the 
operator  by  a  rapid  jerk. 

In  the  early  years  of  the  manufacture  of  cod  liver  oil  the  livers  were 
heaped  up  in  barrels  and  allowed  to  undergo  a  process  of  spontaneous 
putrefaction,  whereby  the  liver  cells  burst  and  the  oil  exuded.  The  oil 
so  obtained  was  contaminated  with  decomposition  products  of  the  liver, 
and  therefore  possessed  a  rank  odour  and  nauseous  taste,  with  which 
even  nowadays  popular  prejudice  associates  medicinal  cod  hver  oil. 
With  the  increased  facilities  of  intercourse  between  the  cod-fishing 
stations  and  properly  equipped  rendering  establishments,  this  exceed- 
ingly crude  process  of  manufacture  underwent  considerable  improve- 
ments. The  fivers  were  then  properly  sorted  and  washed  as  rapidly  as 
possible,  so  as  to  inhibit  the  spontaneous  decay  which  sets  in  on  exposui-e 
of  the  livers  to  the  air.  Moreover,  the  oil  exuding  fi'om  the  fivers  was 
collected  in  fractions  as  it  were,  and  thus  graded,  the  oil  running  out  at 
first,  as  the  best,  being  kept  separate  from  the  oils  obtained  from  the 
livers  in  a  more  advanced  state  of  decomposition. 

Thus  up  to  a  few  years  ago  the  following  three  qualities  of  cod  liver 
oil,  as  obtained  by  the  natural  decay  of  the  livers  (in  the  Lofoten 
Islands),  were  known  in  commerce:  (1)  pale  cod  liver  oil,  (2)  fight 
brown  oil,  (3)  brown  oil. 

Pale  cod  liver  oil  ^  and  light  brown  oil  are  used  in  pharmacy.  The 
former  is  the  first  product,  the  light  brown  oil  forming  the  second 
product,  after  the  disintegration  of  the  livers  has  proceeded  further. 

The  brown  oil  was  that  obtained  from  the  fivers  which  had  reached 
a  very  advanced  state  of  decay,  and  had  actually  become  putrid.  This 

'  The  pale  yellow  colour  is  due,  according  to  P.  Moeller,  to  a  pignieut  (lipochrome) 
wliich  is  destroyed  by  the  action  of  bright  light  ("  sun-bleached  oils  "). 
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oil  was  recovered  by  boiling  the  putrid  livers  with  water,  skimming  off 
the  oil,  and  finally  pressing  the  scrap  (see  below). 

Even  the  following  four  qualities  of  cod  liver  oil,  which,  were  differ- 
entiated by  P.  Moelier,^  viz.  (1)  raiv  medicinal,  (2)  pale  oil,  (3)  light 
broivn  oil,  (4)  broivn  oil,  are  no  longer  recognised  in  the  trade.  Besides, 
so  little  was  obtained  of  the  raw  medicinal  oil,  that  it  did  not  pay  to 
collect  it  separately. 

During  latter  years  the  manufacturing  processes  of  cod  liver  oil, 
especially  those  of  medicinal  oil,  have  undergone  a  complete  change, 
chiefly  in  consequence  of  the  erection  of  properly  equipped  establish- 
ments in  the  Lofotes  by  English  pharmacists.  The  demand  for  pure 
medicinal  cod  liver  oil  had  already  forced  some  pharmacists  in  this 
country  to  prepare  the  medicinal  oil  themselves,  by  heating  absolutely 
fresh  livers,  taken  from  fish  brought  to  shore  alive,  in  jacketed  vessels 
heated  by  hot  water  or  by  steam.  Under  the  action  of  the  high  tem- 
perature the  cell  membranes  burst,  and  the  oil  exuded.  The  best 
medicinal  oil — termed  "  steam  liver  oil  " — was  thus  obtained.  This 
method  was  taken  up  by  cod  oil  extractors  in  Hull,  Aberdeen,  Dundee, 
etc.,  and  finally  transferred  to  the  above-mentioned  rendering  estab- 
hshments  in  the  Lofotes.  The'best  medicinal  oil  is  manufactured  there 
on  the  fines  sketched  for  the  manufacture  of  "  steam  fiver  oil."  The 
livers  are  worked  up  immediately  after  being  taken  from  the  fish  so  as 
to  avoid  exposure  to  the  air,  it  having  been  found  an  invariable  experi- 
ence that  even  exposure  for  a  few  hours  was  apt  to  cause  deterioration 
in  the  quafity  of  the  oil.  This  process,  taken  as  it  were  from  the 
laboratory,  was  found  too  cumbersome  and  too  slow,  since  the  extraction 
of  the  oil  from  the  livers  required  several  hours.  At  present,  in  the 
best  equipped  establishments  in  Norway,  the  fresh  livers  are  placed  in 
tin-lined  vessels,  provided  with  open  steam  coils,  almost  immediately 
after  they  have  been  taken  from  the  fish,  washed,  and  sorted — aU  fivers 
showing  stains  being  discarded.  Low  pressure  steam  is  then  blown  into 
the  livers,  and  the  oil  exudes  almost  immediately.^ 

The  best  quafities  of  crude  medicinal  oil  are  prepared  in  this  manner. 
Previously,  the  Norwegian  medicinal  oil  was  looked  upon  as  the  best 
brand  in  the  market,  no  doubt  owing  to  the  fact  that  in  former  years 
the  nearness  of  the  fishing  stations  to  the  rendering  establishment  and 
the  careful  sorting  of  the  livers  secured  the  best  oil  that  could  be  pro- 
duced under  the  then  ruling  circumstances..  Although  the  conditions 
favouring  the  immediate  working  up  of  the  livers  also  prevail  in  New- 
foundland, the  details  of  the  manufacturing  operations  were  formerly 
not  carried  out  with  sufficient  care  to  secure  an  equally  good  oil.  Hence 
the  Newfoundland  oil  was  considered  as  much  inferior  to  the  best 
Norwegian  medicinal  oil.  At  present,  however,  the  most  modern 
methods  of  manufacture  have  been  introduced  also  into  Newfoundland. 
Since  the  Newfoundland  manufacturers  have  adopted  the  packages 
used  by  the  Norwegian  makers  and  abandoned  wood,  which  was  always 

'  Moeller,  Cod  Liver  Oil  and  Chemislr//,  Loiuloii,  18ft.">,  whore  comiilete  dutajls  as 
to  tlie  old  proces.ses  of  inanufacturing  cod  liver  oils  in  Norway  arc  given. 
2  Michaclis  and  Pechstein,  Biochem.  Xeils.,  1913  (53),  320. 
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apt  to  impart  an  undesirable  flavour  to  the  oil,  Newfoundland  medicinal 
cod  liver  oil  can  no  longer  be  considered  as  inferior  to  Norwegian  oil. 
It  is  to  be  expected  that  the  demand  for  oil  of  unobjectionable 
taste  will  entirely  do  away  with  antiquated  methods,  and  that  the 
manufacture  of  "  pale  cod  liver  oil "  and  "  light  brown  oil,"  obtained 
from  naturally  decayed  livers,  will  die  out  completely. 

The  medicinal  oils  in  the  market,  prepared  by  the  processes  sketched 
above,  are  of  such  excellence  that  it  would  hardly  appear  necessary  to 
have  recourse  to  more  elaborate  details,  such  as  the  extraction  of  the 
oil  in  a  vacuum  pan,^  or  in  a  current  of  carbon  dioxide. 

The  crude  medicinal  cod  liver  oil  is  filtered  to  free  it  from  Hver 
tissue,  and  bleached  by  treatment  with  fuller's  earth,  or  by  exposure, 
in  closed  glass  vessels,  to  the  action  of  sunlight.  Medicinal  oil  so 
prepared  deposits  "  stearine  "  at  a  low  temperature,  and  such  oil  is 
termed  "  congealing  oil."  Some  Pharmacopoeias,  such  as  the  British 
Pharmacopoeia,  prescribe  a  "  non-congealing  "  oU,  i.e.  an  oil  which  will 
not  set  at  the  fi-eezing  point.  Such  medicinal  oil  is  obtained  by  allowing 
the  crude  medicinal  oil  to  cool  down  to  below  0°  C,  and  filtering  it  at  a 
temperature  of  -10°  C.  The  "  stearine  "  is  sold  as  "  fish  stearine  " 
of  best  quality,  for  soap-making  purposes. 

All  unsound  livers,  and  those  which  have  been  exposed  for  a  shorter 
or  longer  time  to  the  atmosphere,  would  then  be  worked  up  solely  for 
"  brown  oil."  This  brown  oil,  if  prepared  exclusively  from  cod  hvers — 
the  "  cod  oil  "  of  commerce — is  of  course  a  genuine  cod  liver  oil. 
Before  steamers  were  introduced  into  thi  cod-fishing  industry  oft"  the 
coast  of  Great  Britain,  the  fishing-boats  remained  sometimes  for  a  week 
on  the  fishing-groufids,  and  the  fish  could  not  be  brought  to  shore  alive. 
The  livers  were  collected,  and  thus  they  were  landed  in  a  more  or  less 
putrid  state.  The  gases  which  collected  in  the  barrels,  in  consequence 
of  the  high  state  of  putrefaction,  sometimes  exerted  so  high  a  pressure 
that  the  ends  of  the  barrels — as  the  author  has  witnessed  himself — were 
driven  out.  The  fresher  the  state  of  the  livers,  the  better  the  oil.  For 
this  reason  "  Newfoundland  cod  oil,"  in  consequence  of  the  nearness  of 
the  fishing  station  to  the  rendering  estabhshment,  was  the  best  class 
of  commercial  cod  oil.  Next  to  this  came  the  "  Norwegian  cod  oil," 
which  commanded  a  higher  price  than  the  EngUsh  cod  oil.  The  author 
proved  on  a  large  scale  that  the  preference  given  to  the  Norwegian  fish 
oil  was  solely  due  to  the  greater  fi-eshness  of  the  livers  from  which  the  oil 
was  prepared.  The  English  oil,  having  undergone  oxidation,  required 
a  special  process  of  purification  in  order  to  bring  it  into  line  with  the 
Newfoundland  quality.  In  consequence  of  the  displacement  of  sailing 
craft  by  steamers,  and  more  recently  by  motor  boats,  the  livers  are  now 
brought  to  shore,^  even  in  this  country,  in  a  much  fresher  state  than 
formerly  ;  hence  the  quality  of  cod  oil  manufactured  in  this  country 
has  greatly  improved  during  the  last  few  years. 

In  the  manufacture  of  cod  oil,  the  livers  are  boiled  out  with  water, 

1  Harrison,  Wikl,  Robb,  English  patent  2.5,683,  1904. 

2  Hence  tlie  patented  appliances  (Johnson,  English  patent  26,728,  1902)  for  render- 
ing on  hoard  trawlers  would  appear  superfluous  at  present. 
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and  the  oil  which  rises  to  the  top  is  skimmed  off.  The  scrap  ("  foots  ") 
is  pressed  in  hydraulic  presses  to  yield  a  further  quantity  of  oil  which  is 
of  much  inferior  quality.  The  expressed  "  scrap  "  is  then  worked  up 
into  "  fish  manure." 

The  crude  cod  oil,  termed  "  unracked  "  cod  oil,  contains  a  consider- 
able quantity  of  "  stearine,"  which  separates  out  on  cooling.  This 
"  stearine  "  is  recovered  either  by  filtering,  or  by  merely  drawing  it 
off  from  the  bottom  of  the  tanks,  in  which  the  crude  cod  oil  has  been 
allowed  to  stand  for  some  time,  exposed  to  cold.  The  "  stearine  "  so 
obtained  is  sold  for  soap-making  pm-poses,  as  a  lower  kind  of  "  fish 
stearine  "  than  that  obtained  from  good  medicinal  oil,  or  as  "  fish 
tallow  "  for  ciu'rying. 

The  commercial  "  Coast  cod  oil  "  is  a  liver  oil  obtained  from  other 
fish  besides  cod,  such  as  hake  (Merluccius  vulgaris),  haddock  {Merluccius 
ceglefinus),  hng  {Molva  vulgaris),  coal  fish  {Gadus  merlangus,  s.  carbona- 
rius,  virens),  in  fact  any  fish  that  is  caught  in  the  nets  of  the  trawlers 
in  the  open  sea.  The  livers  from  these  fish  are  collected  in  barrels,  and 
usually  reach  the  works  of  the  cod  oil  extractor  in  a  more  or  less  putrid 
state,  depending  on  the  time  that  has  elapsed  since  the  fish  has  been 
caught. 

The  following  table,  due  to  Thomson  and  Dunlop,^  shows  the  com- 
parative characteristics  of  oils  prepared  by  these  investigators  from 
fresh  livers,  for  the  authenticity  of  which  they  vouch  : — 


Speciflc 
Gravity 
at  15°  C. 

Free 
Fatty 
Acids. 
Per 
cent. 

Saponi- 
fication 
Value. 

Un- 
saponi- 
flable. 

Iodine 
Value, 

Butyro- 
refracto- 
meter. 

Beicliert- 
Meissl 
Value. 

Cod  (West  Coast)  . 

•9248 

0-20 

18-60 

1-06 

153-7 

75-7 

66^7 

Cod  (unknown) 

•9247 

0-19 

18-51 

1-02 

156-5 

76-0 

ok 

Cod  (East  Coast)  . 

•9263 

1-2Q 

18-79 

1-04 

167-3 

78-0 

Ling  .... 

•9240 

0-34 

18-72 

1-00 

151-8 

75-0 

Hake 

•9256 

1-05 

19-07 

1-38 

154-0 

76-0 

Coal  fish  . 

•9261 

0^27 

18-72 

1-14 

161-1 

77-0 

Whiting  . 

■9290 

0^65 

18-79 

1-06 

184^2 

81-0 

ii'o 

Haddock  . 

•9290 

2^37 

18-72 

1-30 

186-4 

81^0 

12-0 

Skate 

•9298 

033 

18^79 

1^08 

191-1 

82^5 

13-5 

Dogfish 

•9179 

Trace 

16-97 

8-40 

126-4 

11-2 

62-5 

Porpoise  (blubber)  . 

■9352 

o^lo 

25-66 

0-67 

88-3 

54^  8 

46-3 

81-4 

The  colour  of  pure  medicinal  oil  is  pale  yellow  or  light  yellow.  The 
best  qualities  have  only  a  slight  fishy  odour,  and  a  not  unpleasant  taste. 
The  lower  qualities  of  cod  liver  oil,  such  as  represented  by  cod  oil, 
vary  in  colour  from  dark  yellow  down  to  almost  black.  The  oil 
expressed  from  the  "  foots  "  is  generally  of  a  black  colour,  and  has  a 
rank,  fishy  odour. 

According  to  the  temperature  at  which  the  oil  is  j'ccovered  it  contains 
varying  quantities  of  "  stearine."  On  standing  at  the  ordinary  tem- 
peratui-e  the  bulk  of  the  "  stearine  "  settles  out.    Cod  liver  oils  freed 

'  A  paper  reail  before  the  Association  of  Public  Analyats  of  Seotlaiul,  June  1905,  5. 
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from  "  stearine "  are  known  as  non-congealing  (non-freezing)  or 
"  racked  "  oils  (cp.  "  Demargarinated  Oils,"  Chap.  XV.).  Therefore  the 
solidifying  points  of  commercial  samples  vary  considerably. 

The  chemical  composition  of  the  cod  liver  oil  glycerides  appears 
to  be  very  compUcated.  Since  palmitic  and  stearic  acids  have  been 
isolated,  the  occurrence  of  palmitin  and  stearin  must  be  accepted  as 
proven.  The  "  stearine  "  separating  from  cod  liver  oil  on  cooling 
contains,  however,  but  little  true  "  stearine,"  i.e.  glycerides  of  stearic 
and  palmitic  acids.  Samples  of  cod  liver  oil  stearine  examined  in  my 
laboratory  had  iodine  values  ranging  from  94  to  102.  Heyerdahl 
(evidently  in  a  less  carefully  prepared  specimen)  found  113-4.  On  a 
large  scale  the  author  obtained  from  a  cod  oil  having  the  iodine  value 
170-6  a  softish  "  stearine  "  of  the  iodine  value  116-7,  whereas  the 
liquid  portion  had  the  iodine  value  178-0.  By  pressing  the  "  stearine  " 
a  hard  cake  was  obtained  of  the  melting  point  37-8°  C,  and  of  the 
iodine  value  102-4. 

Small  quantities  of  glycerides  of  the  lower  saturated  fatty  acids, 
such  as  the  glycerides  of  acetic,  butyric,  valeric,  and  capric  acids,  have 
been  stated  by  various  authors  to  occur  in  cod  liver  oU.  The  volatile 
fatty  acids  are,  however,  secondary  products  due  to  the  putrefaction 
of  livers,  which  in  the  older  processes  of  manufacture  always  occm'red 
to  some  extent.  The  best  medicinal  liver  oils  prepared  by  steam  are 
free  fi'om  volatile  acids  (see  below). 

The  nature  of  the  liquid  fatty  acids  in  cod  liver  oil  is  but  imperfectly 
understood  as  yet ;  their  high  iodine  value  points  to  the  presence  of 
larger  proportions  of  less  saturated  acids  than  those  belonging  to  the 
oleic  series.  Fahrion,^  examining  the  liquid  fatty  acids  from  a  cod 
liver  oil,  absorbing  175-5  per  cent  of  iodine,  could  not  identify  jecoric 
acid  with  certainty.  Fahrion  assumes  the  presence  of  an  acid,  C17H32O2, 
termed  "  asellic  acid  "  (see  Chap.  III.).  He  covdd  not  detect  physetoleic 
acid  (iodine  value  =  100),  stated  by  some  writers  to  form  the  chief 
constituent  of  cod  liver  oil.  Heyerdahl^  concluded  that  the  mixed 
fatty  acids  of  cod  liver  oil,  freed  from  its  "  stearine,"  contained,  amongst 
other  hitherto  not  identified  acids,  about  4  per  cent  of  palmitic  acid, 
20  per  cent  of  jecoleic  acid  (Chap.  III.),  and  20  per  cent  of  therapic  acid 
(Chap.  III.).  The  presence  of  jecoleic  acid  is  inferred  from  the  existence 
of  dihydroxyjecoleic  acid  (prepared  by  the  oxidation  of  the  mixed 
fatty  acids  with  potassium  permanganate),  and  that  of  therapic  acid 
from  the  octobromide  C^^U^e^VgO^  obtained  on  brominating  the  Uquid 
fatty  acids.  No  oleic  acid  was  found  in  cod  liver  oil ;  the  "  stearine," 
no  doubt,  contains  some  unknown  unsaturated  acid  or  acids.  In  the 
fresh  state  cod  liver  oU  is  free  fi-om  hydroxylated  acids. 

An  approximately  accurate  method  for  the  resolution  of  the  liquid 
cod  liver  oil  fatty  acida  consists,  according  to  Bidl,^  in  the  fractional 
separation  of  their  alkali  salts.  Cod  liver  oil  is  saponified  with  double 
normal  anhydrous  alcohoUc  potash,  and  the  potassium  salts  obtained 

'  Joiirn.        Chem.  Iml.,  1893,  935. 

-  Cud  Liver  Oil  and  Chemistry,  p.  Ixxxix. 

■•'  Chem.  ZeiL,  1899,  996. 
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on  concentrating  the  solution  are  carefully  pressed  after  cooling.  The 
pressed  cake  is  recrystalKsed  from  alcohol  and  pressed  again,  and 
the  united  mother  liquors  are  concentrated,  cooled,  and  pressed,  these 
operations  being  repeated  until  a  soHd  potassium  salt  is  no  longer 
obtained.  The  mother  liquors  are  converted  into  the  sodium  salts  by 
isolating  the  free  fatty  acids  and  neutralising  them  with  anhydrous 
alcoholic  soda.  The  sodium  salts  are  purified  in  exactly  the  same 
manner  as  described  for  the  potassium  salts.  The  free  fatty  acids  are 
recovered  fi'om  the  solid  salts  thus  obtained,  by  dissolving  the  soaps  in 
water  in  a  current  of  steam,  and  gradually  allowing  hydrochloric  acid 
to  run  on  to  them,  until  the  solution  is  distinctly  acid.  From  the 
alcoholic  mother  hquors  the  alcohol  is  completely  removed  by  distilling 
in  vacuo.  The  residue  is  then  thoroughly  exhausted  with  dry  ether. 
Thus  the  sodium  salts  of  the  most  unsaturated  acids,  as  also  cholesterol, 
are  dissolved.  The  soaps  are  recovered  from  the  ethereal  solution  by 
washing  with  water.  The  ether-insoluble  soaps  are  dissolved  in  absolute 
alcohol ;  by  allowing  to  crystalhse,  a  small  amount  of  a  sodium  salt 
may  be  recovered  from  the  remaining  alcohoHc  mother  liquor.  The 
alcohol  is  finally  removed  by  evaporation  and  the  fatty  acids  are 
Uberated.   Thus  the  following  four  groups  of  fatty  acids  were  obtained  : — 

A.  Fatty  acids,  the  potassium  salts  of  which  crystallise  from  alcohol. 

B.  Fatty  acids,  the  sodium  salts  of  which  crystallise  from  alcohol. 

C.  Fatty  acids,  the  sodium  salts  of  which  are  readily  soluble  in  ether. 

D.  The  remaining  fatty  acids. 

From  1000  grms.  of  cod  liver  oil  Bull  obtained  the  following  quan- 
tities of  acids  : — 


Fatty  Acirls. 

Weight. 

Neutralisation 
Value. 

Iodine  Value. 

A. 

334  grms. 

194-2 

67-5 

B. 

375  „ 

190 

135-6 

C. 

120  „ 

167 

322-4 

D. 

69  „ 

169 

347 

For  the  conclusions  which  Bull  draws  from  his  experiments,  and 
for  the  analytical  methods  he  recommends  (all  of  which  stand  greatly 
in  need  of  confirmation  ^),  the  reader  must  be  referred  to  the  original 
paper. 

On  brominating  cod  liver  oil,  Hehner  and  Mitchell  obtained  56-23 
per  cent  of  brominatcd  glycerides,  to  which  they  ascribed  the  hypothe- 
tical formula,  C3H5(Ci8H2<,02Br(,)(Cj8H2902BrB)(C^8H3302Br2).  '  Walker 
and  Warhurlon,  in  the  author's  laboratory,  found  only  33-7-35-3  per 
cent  of  brominated  glycerides.    From  a  commercial  cod  oil,  Hehner 


1  Jahrbuch  d.  (Jhem.,  1900  (x.),  386. 
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and  Mitchell  obtained  35-5  per  cent  of  brominated  glycerides,  Walker 
and  Warburton  30-6-32-7  per  cent.  The  mixed  fatty  acids  of  a  cod 
liver  oil  yielded  to  Hehner  and  Mitchell  18  per  cent  of  a  bromide  con- 
taining 62-91  per  cent  of  bromine  (tlieory  requiring  for  a  hexabromo 
compound  63-31  per  cent  of  bromine).  Walker  and  Warburton,  again, 
obtained  from  a  genuine  cod  liver  oil,  wliicb  gave  33-7-35-3  per  cent  of 
brominated  glycerides,  29-8-30-4  per  cent  of  brominated  fatty  acids. 
The  proportion  of  bromo  compounds  no  doubt  depends  on  the  state  of 
fi-eshness  of  the  sample  under  examination.  This  is  indeed  brought 
out  by  the  results  of  some  later  analyses  made  by  Bull  and  J ohannesen,^ 
who  obtained  in  ten  commercial  cod  liver  oils  27-08-34-92  per  cent 
of  ether-insoluble  brominated  acids.  Tolman  ^  also  found  the  yield 
of  insoluble  bromides  for  a  Norwegian  cod  liver  oil  46-6  per  cent,  and 
for  an  American  cod  liver  oil  34  per  cent. 

The  foregoing  notes  would  appear  to  show  that  fatty  acids  of  the 
series  C^Han-eOg  may  be  present  in  cod  liver  oil.  An  acid  or  acids  (if 
any)  having  this  composition  must,  however,  differ  from  linolenic  acid, 
since  the  isolated  bromo  compounds  of  the  fatty  acids  do  not  melt, 
Uke  linolenic  hexabromide,  at  about  175°  C,  but  remain  apparently 
unchanged  until  a  temperature  of  200°  C.  is  reached,  when  they  are 
converted  into  a  black  mass,  without,  however,  melting  to  a  clear  liquid. 
The  difEerence  between  the  unsatm-ated  acid  (or  acids)  of  cod  liver  oil 
and  the  unsaturated  acids  of  the  vegetable  drying  oils  is  further  ex- 
emplified by  the  fact  that  cod  liver  oil  does  not  dry  to  a  skin  like  the 
vegetable  dxying  oils. 

The  following  table  gives  a  comparison  of  the  yield  of  insoluble 
bromides  from  fatty  acids  : — 


Solid  Acids. 

Insoluble  Bromides. 

Per  cent. 

Per  cent. 

Cod  .... 

5-70 

46-6 

Cod  .... 

15-55 

34-0 

Pollock  .... 

15-99 

42-7 

Hake  .... 

13-58 

30-3 

Ling  .... 
Dogfish  .... 
Trout  liver  . 

14-42 
18-52 

30-2 
37-2 

7-01 

35- 1 

Seal  .... 

9-96 

19-6 

From  the  latest  researches  of  Tsujimoto  we  must  conclude  that 
acids  of  the  formula  C^Ha^.gOa  which  yield  octobromides  on  treating 
with  bromine  occur  also  in  cod  liver  oil.  Heyerdahl  appears  to  have 
been  the  first  to  prove  the  presence  of  an  octobromide,  but  it  should  be 
pointed  out  that  the  formula  of  the  "  therapic  acid  "  differs  fi-om  that 
of  Tsujimoto's  clupanodonic  acid,  the  occurrence  of  which  has  been 
proved  so  far  in  fish  and  whale  oils. 

1  Chem.  Zeit.  1909,  74.  The  observations  were  made  by  Dr.  Pickles  in  the  Imperial 
Institute. 

-  Journ.  Ind.  Eng.  Chan.,  1909,  340. 
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Bull  ^  examined  the  methylesters  of  cod  liver  oil  fatty  acids  (cp. 
Chap.  XII.),  obtained  by  treating  cod  liver  oil  with  sodium  methylate. 
By  subjecting  the  esters  to  fractional  distillation  in  vacuo  at  10  mm, 
pressui-e,  three  main  fi'actions  were  obtained,  boiling  at  186°  C, 
206°  C,  and  224°  C.  respectively.  In  the  following  table  the  main 
results  of  this  investigation  are  summarised  : — 


Fraction  boiling  from 
161-5  to  165°  C. 
185  „  186°  C. 
200  „  206°  C. 
223  „  225°  C. 
239     „  240°  C. 


Contains 
Myristic  acid 

Palmitic  acid,  palmitoleic  acid  ^ 
Stearic  acid,  oleic  acid 
Gadoleic  acid  ^ 
Erucic  acid  * 


Although  Bull  distinctly  mentions  that  acids  occm-  in  cod  Uver  oil 
having  very  high  iodine  values,  he  appears  to  have  overlooked  those 
fatty  acids  which  occur  in  considerable  quantity  in  cod  liver  oil,^  and 
yield  highly  brominated  acids.  Hence  Bull's  statement  that  Heyerdahl's 
jecoleic  acid  does  not  exist,  and  that  the  latter's  dihydroxyjecoleic 
acid  is  possibly  a  eutectic  mixture  of  dihydroxystearic  acid  and  di- 
hydroxygadoleic  acid,  must  also  be  accepted  with  reserve. 

The  occurrence  of  morrhuic  acid  C9H13NO3  (differing  from  tyrosine 
by  Hg)  in  cod  hver  oil  requires  confirmation. 

On  reducing  cod  Kver  oil  with  hydrogen  in  the  presence  of  colloidal 
palladium  in  the  cold,  Pad  and  Roth  ^  obtained  a  soHd  fat  softening 
at  43°  C.  and  liquefying  at  45°  C.  The  iodine  value  of  the  reduced 
glyceride  was  3,  whereas  the  original  oil  absorbed  135-8  per  cent  of 
iodine  (cp.  Vol.  I.  Chap.  I.). 

A  characteristic  constituent  of  cod  liver  oil  is  eholesterol.  This 
is  isolated  by  preparing  the  unsaponifiable  matter  in  the  usual  manner 
and  recrystaUising  it  from  alcohol,  when  the  characteristic  cholesterol 
crystals  are  deposited.  SalkowsJci  ^  gives  as  the  average  quantity  of 
cholesterol  obtainable  from  medicinal  cod  liver  oils  0-3  per  cent.  The 
Iffivo-rotation  of  the  plane  of  polarised  light  exercised  by  cod  liver  oil 
is  undoubtedly  due  to  the  presence  of  the  cholesterol.  Dunlop  and 
Thomson  found  the  specific  rotatory  power  of  several  cod  liver  oils 
ia]j=  -0-26°. 

The  somewhat  considerable  amount  of  cholesterol,  which  was 
found  in  the  oils  manufactured  two  or  three, decades  ago,  has  led  to 
the  assumption  that  the  slight  optical  activity  which  some  high  boihng 
mmeral  oils  from  petroleum  exhibit  (see  Vol.  III.  Chap.  XV.),  was  due 
to  the  content  of  cholesterol  in  those  fish  and  liver  oils,  which  are 
assumed  to  be  the  mother  substances  of  the  natm'al  petroleums.' 

Besides  cholesterol,  the  unsaponifiable  matter  of  cod  liver  oil 

'  BcriclUe,  1906,  3.570. 

^  Bull  did  not  luimc  this  acid  ;  1  siiggcst  for  it  the  name  " palitiitolcic  acid." 
'  Cp.  Vol.  I.  Chap  HI. 

Cp.  Vol.  T.  p.  io.'i.i 
'  /krichle,  1908,  2283. 
,  ^"iMir.f.  analyt.  Chem.  20,  565. 

See  Lowkowitsch,  Jahrbnch  d.  Chem.,  1907  (xvii.),  417. 
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contains  "  lipocliromes  "  to  which  the  colour  reactions,  which  have 
formerly  played  so  important  a  part  in  the  examiaation  and  identi- 
fication of  cod  Uver  oil  (see  below),  are  due.  Gaulier  and  Mourgues 
state  that  they  have  isolated  from  the  unsaponifiable  matter  a  substance 
similar  to  lecithin,  inasmuch  as  it  yielded  phosphoric  acid,  glycerol,  and 
a  fatty  acid,  termed  by  them  morrhuic  acid  (see  above)  ;  it  has  been 
pointed  out  already  that  the  existence  of  this  acid  is  very  doubtful. 

The  lecithins  derived  fi'om  fats  contained  in  the  animal  organisms 
are  characterised  by  the  facility  with  which  they  are  oxidised.  In 
this  respect  they  would  seem  to  be  analogous  to  the  liver  oils.  It  is 
worthy  of  note  that  these  easily  oxidised  substances  are  synthesised 
in  those  organisms  of  the  body  which  are  the  centre  of  the  greatest 
metabolic  activity. 

In  the  older  literature  on  this  subject  there  are  recorded  many 
statements  as  to  the  occurrence  of  bases  which  were,  of  com'se,  found 
in  the  unsaponifiable  matter.  Undoubtedly  most  of  these  bases  are 
secondary  products,  due  to  the  decomposition  the  fivers  underwent 
whilst  the  oil  exuded  fi'om  them  spontaneously.  Thus,  Heyerdahl 
found  in  raw  medicinal  oil,  i.e.  first  oil  which  exuded  spontaneously 
from  fivers  by  natm'al  decay,  small  quantities  of  ptomaines  ;  and 
Gaulier  and  Mourgues  ^  before  him  found  organic  bases  in  "  fight 
brown  "  cod  liver  oil  to  the  extent  of  fi'om  0-035  to  0-060  per  cent. 
They  isolated  the  foUowing  bases  : — 

(a)  Volatile :    butylamine,  isoamylamine,   hexylamine,  dihydro- 
lutidine. 

(&)  Non-volatile  :  morrhuine  C19H27N3,  aselfine  C25H32N4. 

Recently  Philip  B.  Hawk  ^  isolated  from  "  fight  amber,"  "  fight 
brown,"  and  "dark  brown"  oils  0-106,  0-117,  and  1-09  per  cent  re- 
spectively of  "  leucomaines,"  by  the  method  of  Gautier  and  Mourgues. 
By  fractional  distillation  butylamine,  amylamine,  hexylamine,  and 
dihydrolutidine  were  separated.  In  the  non-volatile  portion  moi-- 
rhuine  was  identified,  but  not  the  aselfine,  described  by  Gaut%er  and 

Mourgues.  . 

Heyerdahl  has  isolated  trimethylanfine  by  means  of  its  piatino- 
chloride  This  base,  however,  fike  those  mentioned  above,  must  be 
considered  as  a  product  of  decomposition  of  the  cellular  tissue  of  the 
livers  Biliary  colouring  matters,  stated  to  occm-  by  earfier  observers, 
are  absent.  According  to  Salkowski  the  colom-ing  principle  m  cod  liver 
oil  belongs  to  the  class  of  iipoci^romes.  j-  •  1 

To  most  of  these  bases  in  tm-n  have  been  ascribed  the  medicmal 
properties  of  cod  fiver  od,  but  there  seems  to  be  no  doubt  that  all  these 
bases  are  secondary  products  derived  from  the  decayed  cellular  matter 
of  the  fivers  The  best  medicinal  cod  fiver  oils,  i.e.  those  oils  whicli 
have  been  prepared  fi'om  fresh  fivers  by  steaming,  do  not  contam 
these  bases  (which  impart  the  nauseous  taste  to  the  ods  obtamed  by 

1  rmimt  re?uZ.,  1888  (107),  254  ;  626;  740.  ^  n,    •  7  ions 

"  /'ni    £er.  PliyJ.  Sac,  1907-8,  xxii.  ;  Amer.  Journ.  of  Thys^ol.,  1!)08 

(xxi.),  No.  11. 
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the  natural  decay  of  livers).  Even  the  amount  of  lipochromes  and 
other  unknown  substances,  such  as  biliary  colouring  matters,  the 
presence  of  which  is  indicated  by  the  characteristic  violet  colour  re- 
action of  liver  oils  (see  p.  441  below),  has  decreased  considerably  with 
the  improvements  in  the  production  of  this  oil.  Indeed,  the  author 
is  of  the  opinion,  derived  from  the  examination  of  a  very  large  number 
of  medicinal  oils  of  various  origins,  that  the  fainter  is  the  blue  colour 
reaction  with  concentrated  sulphmic  acid,  the  better  is  the  taste  of  the 
oil,  for  the  colour  reaction  is  merely  indicative  of  impm'ities  which  can 
be  kept  out  of  a  properly  manufactured  article.  It  therefore  follows 
that  the  statement,  still  occm-ring  in  the  pharmaceutical  literature, 
that  a  strong  colom*  reaction  indicates  biliary  substances  (which  were 
said  to  constitute  the  therapeiitical  effect  of  cod  liver  oil)  is  valueless. 
The  same  strictures  apply  to  statements  as  to  the  occurrence  of  albu- 
minoid substances,  some  of  which  were  credited  with  the  power  of 
combining  chemically  with  iron,  manganese,  calcium,  magnesium, 
and  sodium. 

By  some  writers  the  therapeutic  value  of  cod  hver  oil  was  ascribed 
to  the  small  amoimt  of  iodine  it  contained  (therefore  cod  liver  oils  are 
met  with  to  which  iodine  or  potassium  iodide  has  been  added 
fraudulently).   The  following  amounts  of  iodine  have  been  recorded  : — 


Proportion  of  Iodine  in  Cod  Liver  Oil 


Description  of  Oil. 

Iodine. 

Observer. 

Per  cent. 

Pale 

0-020 

Andres 

Yellow  , 

0-031 

0-00138-0-00434 

Stanford 

0-0002 

Heyerdahl 

In  the  opinion  of  the  author  the  medicinal  effect  of  cod  liver  oil, 
however,  must  rather  be  looked  for  in  the  facility  with  which  it  is 
hydrolysed  or  digested,  and  it  cannot  be  doubted  that  this  property 
is  caused  by  the  peculiar  constitution  of  its  unsaturated  fatty  acids. 
From  the  medicinal  point  of  view,  the  best  cod  liver  oil  is  that  which 
has  been  prepared  from  fresh  livers  and  kept  protected  from  the  action 
of  light  and  air. 

Possibly  the  therapeutical  value  lies  in  that  this  oil  supplies  those 
highly  unsaturated  acids  (clupanodonic)  which  have  been  shown  to 
occur  in  the  phosphatides  of  the  heart  muscles  and  the  liver  (Vol.  I. 
p.  40),  so  that  the  explanation  would  bo  obvious,  viz.  that  the  weak 
organism,  unable  to  produce  for  itself  the  unsaturated  fatty  acids,  has 
th  em  supplied  artificially  by  the  livci'  oil. 

Heyerdahl  has  studied  the  influence  which  the  length  of  time  during 
which  the  Uvers  are  heated  lias  on  the  proportion  of  free  fatty  acids 
in  the  oil  produced,    lie  found,  contrary  to  expectation,  that  the 
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percentage  of  free  fatty  acids  decreased  slightly  but  perceptibly  as  the 
time  of  heating  was  increased  (from  20  to  80  minutes)  and  the  tempera- 
ture was  allowed  to  rise  (from  62°  to  85°  C).  This  result  may  be 
ascribed  to  the  volatihsation  of  fr'ee  volatile  acids  at  the  higher  tem- 
perature, or  to  the  fact  that  the  first  portions  of  the  extracted  oil  were 
richer  in  fatty  acids,  or  to  both  causes  conjointly,  or  to  the  fact  that 
enzymes  causing  hydrolysis  (see  "  Lard  ")  were  destroyed  by  heating. 
Experiments,  in  which  measured  volumes  of  air  were  driven  through 
samples  of  oil  heated  in  the  water-bath,  proved  that  the  free  fatty  acids 
decreased  up  to  a  certain  point,  and  then  slowly  rose  to,  or  beyond,  the 
original  percentage.  The  proportions  of  free  fatty  acids  never  exceeded 
0-69  per  cent,  calculated  as  oleic  acid. 

The  oil  obtaiued  by  passing  steam  directly  into  the  livers  is  practi- 
cally devoid  of  volatile  fatty  acids  ;  their  occurrence  in  commercial  oils 
must  therefore  be  due  to  some  secondary  process.  This  statement  has 
been  corroborated  by  the  examination  of  hver  oils  from  other  species  of 
fish  (Heyerdahl). 

In  the  examination  of  Medicinal  Cod  Liver  Oil  the  organoleptic 
methods  must  be  applied  in  the  first  instance.  A  good  medicinal  oil 
should  be  of  pale  colour,  and  should  have  a  mild  fishy  taste,  and  possess 
only  a  slight  fishy  odour.  The  taste  alone  is  able  to  indicate  whether 
the  amount  of  fr'ee  fatty  acids  is  too  high,  and  whether  any  decom- 
position products  of  the  hver  tissue  have  passed  into  the  oil. 

The  chemical  tests  which  furnish  the  most  important  indications 
for  the  valuation  of  medicinal  cod  liver  oil  comprise  the  acid  value,  the 
iodine  value,  and  the  Reichert  value  (Reichert-Meissl  value). 

The  proportion  oi  free  fatty  acids  should  be  as  small  as  possible.  No 
definite  limit  can  be  laid  down,  but  a  comparison  with  the  numbers 
recorded  in  the  following  table  will  afford  the  necessary  guidance  : — 


Free  Fatty  Jcids  in  Cod  Liver  Oils,  calculated  as  Oleic  Acid 


Description  of  Oil. 

Colour. 

Free  Fatty 
Acids. 

Observer. 

Raw  medicinal  oil 
J)           »»            •  • 

1)           i>            •  • 

Medicinal  oil  . 

Medicinal  oils  . 

)i            n       •          •  ■ 
)i            )»       •          •  • 

Pale 

Somewhat 

darker 
Darkest 
Yellow 

Per  cent. 
3-79 
3-87 

3-96 
0-36 

0-34-0-60 
0-12-0-48 
0-43-1 -01 

Heyerdahl 

Thomson  and 
Ballanfyue 
Parry  and  Sage 
Lewkowitsch 
Parry 

It  may  therefore  suffice  to  state  that  the  best  steam  cod  liver  oils 
contain  from  0-3  to  1-5  per  cent  of  fr-ee  fatty  acids  (calculated  to  oleic 
acid),  whereas  medicinal  oil  prepared  by  older  processes  exceeds  this 
number,  and  may  reach  as  much  as  3  or  even  more  per  cent. 
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The  Reichert  value  should  be  low.  Good  medicinal  oils  show  Reichert 
numbers  lying  below  0'5.  A  higher  number,  especially  one  exceeding 
1-0,  would  indicate  that  the  livers  employed  for  the  extraction  of  the 
oil  have  not  been  perfectly  fresh  ;  such  oil  would  also  betray  its  high 
amount  of  volatile  acids  by  an  inferior  taste. 

The  higher  the  iodine  value,  the  less  oxidation  can  have  taken  place, 
and  if  the  medicinal  properties  be  valued  by  the  amount  of  unsaturated 
fatty  acids,  then,  cceteris  paribus,  the  higher  the  iodine  value  the  better 
the  oil.  It  will  be  gathered  from  the  table  of  characteristics  that  the 
author  found  (in  a  cod  liver  oil  used  for  feeding  calves)  the  high  number 
198-1.  The  mean  iodine  value  of  a  good  medicinal  non-congealing 
oil  may  be  taken  as  167.  Since,  however,  the  magnitude  of  the  iodine 
value  depends  on  the  extent  to  which  the  "  stearine  "  has  been  removed, 
it  would  not  be  permissible,  without  further  examination,  to  declare 
samples  having  lower  iodine  values  as  adulterated. 

The  amount  of  unsaponifiable  matter  should  not  as  a  rule  exceed 
1-5  per  cent  (cp.  table  below).  Larger  amounts  would  point  (in  the 
absence  of  mineral  oils)  to  admixture  with  other  liver  oils  such  as  shark 
liver  oil,  which  contains  notable  proportions  of  spermaceti,  or  of  liver 
oil  from  Merlangus  (sej  liver  oil,  saith  oil),  which  has  been  frequently 
substituted  for  cod  hver  oil. 

Inferior  cod  liver  oils  which  have  a  higher  proportion  of  unsaponi- 
fiable matter  should  be  rejected  as  indicating  badly  prepared  oil. 
Thus  Japanese  cod  liver  oil,  which  has  not  yet  been  prepared  according 
to  the  best  methods,  contains  amounts  of  unsaponifiable  matter  exceed- 
ing 2  per  cent. 

A  comparison  of  the  amounts  of  unsaponifiable  matter  contained 
in  best  cod  liver  oils  with  those  found  in  oils  of  low  quality  is  afforded 
by  the  following  table  : — 


Unsaponifiable  Matter  in  Cod  Liver  Oils 


Description  of  Oil. 

Colour. 

Unsaponi- 
fiable. 

Observer. 

Per  cent. 

Medicinal  cod  liver  oil 

Reddish  yellow 

0-54 

Fahrion 

1)              ,1             .  . 

Yellow 

1-08 

1  > 

11              ,1             .  . 

Palo  yellow 

1-44 

)  I 

"              >)             •  . 

Yellow 

0-87 

Thomson  and 

Steam  cod  liver  oil,  medicinal  . 

Pale  yellow 

0-61 

Ballantyno 
Fahrion ' 

"            >>  ). 

Almost  colour- 

0-64 

1 1 

loss 

"            >>  ,. 

Palo  yellow 

0-98 

II 

"            >>  I, 

Pale  yellow 

0'6-l-68 

Lewkowitscli 

11            ,,       of  rank  odour 

2-4-4-6 

Parry 

'1  >          II  Japanese^ 

2-3-2-8 

Bull 

I  Jonrn.  Hoc.  Chem.  Ind.,  1893,  607. 

-  Mann  {Joiirii.  Site.  Chem..  Ind.,  1903,  1357)  records  7'18  per  cent  of  unsaponifiable 
matter  for  an  oil  of  the  saponilicatioii  value  186-7  (!) 
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The  following  table  shows  the  proportions  of  unsaponifiable  matter 
found  in  some  liver  oils  other  than  cod  Uver  : — 


Liver  Oils. 

XJnsapoEinaole. 

Obssrver, 

Per  cent. 

Shark  liver  oil 

Yellow,  steamed 

5-27 

Fahrion 

Red 

4-44 

>» 

)  7 

Yellow 

1'24 

11 

Yellowish-red 

0-93 

>) 

»» 

Japanese 

/  o-<5 

A  linn 

Allen 

)  * 

Crude 

O  •'7A 
0  /U 

>  1 

Refined 

0  "70 

1  \j  ZiO 

^  7  -^n 

1  I  o\j 

j» 
) ) 
I } 

ft 

Palo  yellow,  from  "\ 
S'cymnus  borcaliej 

10'20 

Lewkowitsch 

t ) 

Japanese  shark 

14-4-21'5 

Bull 

Coal-fi.sii  liver  oil 

6-52 

Mann 

Tunny  fish  ,, 

)j 

1-0-1 -8 

Fahrion 

Ling  „ 

n 

2-23 

Bull 

Haddock  ,, 

) ) 

1-1 

Lewkowitsch 

Saith  ,, 

)  > 

1-8 

n 

(coal-fish) 

Adulteration  with  mineral  oils  is  readily  ascertained  by  the  deter- 
mination of  the  saponification  value  and  of  the  unsaponifiable  matter, 
and  by  the  examination  of  the  latter.  Vegetable  oils  are  best  detected 
by  the  phytosteryl  acetate  test,  as  the  iodine  value  obviously  does 
not  furnish  decisive  results,  although  it  may  give  the  first  indications, 
if  adulteration  with  oils  having  iodine  values  of  less  than  120  has 
taken  place.^  Confirmation  of  the  presence  of  vegetable  oils  other 
than  linseed  oil  -  may  also  be  obtained  by  the  bromide  test.  In  this 
connection  it  should  be  noted  that  cod  liver  oil  substitutes  are  now 
being  sold  consisting  of  a  mixture  of  genuine  cod  hver  oil  and  iodised 
sesame  oil  (Vol.  III.  Chap.  XV.  "  lodipin  ").  Such  artificial  cod  liver 
oils  will  yield  much  less  ether-insoluble  bromide  than  a  genuine  oil  does. 

The  detection  of  other  liver  oils  in  cod  liver  oil  constitutes,  in  the 
present  state  of  om-  knowledge,  a  very  difficult  problem.  The  deter- 
mination of  the  unsaponifiable  matter  would  appear  to  afford  some 
guidance  as  to  adulteration  with  other  liver  oils. 

As  a  rule,  other  Uver  oils  in  commercial  cod  liver  oil  can  be  detected 
by  the  taste  alone.  Thus  the  ordinary  pollock  or  coal-fish  liver  oil 
(saith  oil,  sej  liver  oil)  has  so  unpleasant  a  taste  that  it  cannot  be 
admixed  with  cod  liver  oil  without  injuriously  affecting  the  taste  of 
the  latter.  But  it  should  be  noted  that  in  the  year  1903,  when  the 
prices  of  cod  liver  oil  were  exceptionally  high,  the  liver  oil  of  the  pollock 
or  coal-fish  (saith  oil)  was  actually  prepared  by  the  steam  process, 

1  A  CO,!  liver  oil  substitute  i.s  sold  uuder  the  name  of  ^' Fucol  "  :  it  l^'eP'^^^;;  '^f 
digesting  marine  alga;  with  a  vegetable  oil  {Zeitschr.  f.  angexv.  Chcm.,  1904,  397).  Jiugiisn 
patent  2081,  1904. 

-  Tollner,  United  States  patent  765,  943. 
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and  such  oil  was  largely  added  on  the  Continent  to  medicinal  cod  liver 
oils.  It  is  within  the  author's  experience  that  such  steam  extracted 
"  saith  oil  "  was  offered  even  in  this  country  as  cod  liver  oil. 

The  bromide  test  also  would  lead  to  useful  results,  since  the  examina- 
tion of  shark  liver  oil  in  the  author's  laboratory  has  shown  that  the 
fatty  acids  yielded  from  12-7  per  cent  to  15  per  cent  of  ether-insoluble 
bromide  only,  as  against  30  per  cent  in  the  case  of  genuine  cod  liver  oil. 

Shark  liver  oil,  if  present  in  considerable  quantities,  may  also  be 
detected  by  the  isolation  of  cetyl  alcohol,  since  shark  Uver  oil  contains 
varying  proportions  of  spermaceti  (cp.  p.  440). 

Of  fish  oils  which  may  be  used  for  the  adtdteration  of  cod  liver  oil 
the  only  oil  that  can  be  considered  here,  in  the  present  state  of  the  fish 
oil  industry,  is  salmon  oil,  as  all  others,  such  as  menhaden  oil,  herring 
oil,  and  sardine  oils,  are  of  too  dark  a  colour  and  have  too  unpleasant  a 
taste  ;  but  even  salmon  oil  would  betray  its  presence  by  a  dark  colour 
and  inferior  taste.  Of  the  blubber  oils  only  the  best  qualities  of  seal 
oil  and  whale  oil  could  be  used  for  adulteration.  Their  presence,  if 
their  quantities  are  not  very  large,  would  not  be  indicated  with  any 
degree  of  certainty  by  the  iodine  absorption  and  the  bromide  tests. 
In  case  adulteration  with  seal  oil  or  whale  oil  be  suspected,  and  the 
chemical  tests  fail  to  furnish  a  decisive  answer,  the  taste  must  be 
considered  as  one  of  the  most  important  adjuncts  in  the  detection  of 
the  adulterant  or  adulterants. 

Since  the  detection  of  fish  and  blubber  oils  in  cod  liver  oil  is  not 
always  possible  by  means  of  the  quantitative  reactions,  a  number  of 
colour  tests  have  been  recommended.  I  have  examined  the  tests  pro- 
posed by  Kremel,  Meyer,  Roessler,  and  Unger,^  but  as  I  have  found 
them  useless,  they  are  not  described  here.  The  colour  test,  however, 
described  on  p.  442,  allows  to  differentiate  fish  and  blubber  oils  from 
liver  oils. 

Notwithstanding  the  observations  made  by  Thomson  and  Dunlop, 
and  recorded  above  (p.  423),  I  would  still  recommend  the  sulphuric 
acid  test  as  a  reliable  and  rapid  means  of  discriminating  cod  liver  oil 
(and  indeed  all  other  fish  liver  oils)  from  fish  oil  (body  oil)  and  blubber 
oils.  It  would,  of  course,  not  be  permissible  to  judge  by  the  depth  of 
the  blue- violet  tint  obtained  with  a  sample  of  oil,  as  to  whether  adultera- 
tion with  fish  or  blubber  oil  had  taken  place.  - 

The  British  Pharmacopoeia  gives  the  sulphitric  acid  test  as  a  reaction 
for  the  identity  of  cod  Hver  oil.  It  has  already  been  pointed  out  that 
this  test  indicates  only  impurities  which  are  due  to  lipochromes  and 
colouring  matters  that  have  passed  from  the  cellular  tissue  of  the  liver 
mto  the  oil,  and  further  that  with  the  improvement  in  the  manufacturing 
processes  the  quantity  of  these  by-products  has  decreased,  so  that  during 
latter  years  the  better  class  oils  showed  the  sulphuric  acid  colour 
reaction  much  more  faintly  than  the  liver  oils  prepared  by  the  old 

'  See  aecoiul  edition  of  this  work,  p.  486.  Cp.  also  Wiebelitz,  Pharm.  Zait.,  1903, 
363.  Unger's  test  actually  iudicateti  itnpiirities  duo  to  decayed  livers,  which  are  at 
pre.sent  carefully  excluded. 
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processes  This  is  shown  by  the  fact  that  a  fresh  cod  liver  oil  which 
had  a  very  slight  taste  and  gave  a  very  strong  blue  colour  with  sulphuric 
acid  showed  after  standing  three  years  a  dark  brown  colouration  with 
sulphuric  acid,  and  had  a  very  rancid  taste,  although  the  colour  of  the 
oil  was  unchanged.  This  seems  to  show  that  with  age  and  the  setting 
in  of  rancidity  the  chromogenic  substance  giving  a  blue  colour  is 
destroyed.  Indeed,  the  strongest  colour  reaction  is  given  by  shark 
liver  oil,  in  the  preparation  of  which  little  care  is  taken  to  prevent 
decay  or  putrefaction.  A  manufacturer  should  therefore  endeavour  to 
produce  a  cod  liver  oil  which  does  not  show  the  sulphuric  acid  test  at 
all,  or  only  very  faintly. 

The  British  Pharmacopceia  prescribes  the  sulphuric  acid  test  to  be 
appUed  to  the  oU  itself.  The  form  in  which  this  test  is  prescribed 
by  the  German  Pharmacopceia  is  much  preferable  : — Dissolve  one  drop 
of  oil  in  twenty  drops  of  carbon  bisulphide  and  add  one  drop  of  con- 
centrated sulphui'ic  acid,  when  a  beautiful  violet-blue  colour  appears  at 
once,  changing  afterwards  iato  red  and  brown.  This  test,  however, 
cannot  serve  as  an  identity  reaction,  since  other  liver  oils  give  the  same 
violet-blue  colour.  Cod  liver  oils  (as  also  other  liver  oils)  which  have 
become  rancid,  do  not  show  the  violet-blue,  but  give  at  once  the  red 
colom'ation  ;  oxidised  cod  liver  oil  gives  a  brown  colour  only.  Thus 
an  excellent  cod  liver  oil  which  shortly  after  haviag  been  manufactured 
showed  a  bright  violet-blue  colouration  in  the  sulphuric  acid  test,  gave 
a  dark  brown  colour  in  the  same  test  a  year  later,  although  it  had  been 
kept  protected  fi'om  Hght  and  air. 

The  United  States  Pharmacoposia  prescribes  carbon  tetrachloride  in 
place  of  carbon  bisulphide. 

The  detection  of  fish  and  blubber  oils  that  have  been  fraudulently 
admixed  in  smaller  or  larger  quantities  with  cod  hver  oil  is,  in  the 
present  state  of  our  knowledge,  still  an  unsolved  problem.  Seal  and 
whale  oils  yield  much  smaller  proportions  of  ether-insoluble  bromides 
than  cod  liver  oil,  as  has  been  ascertained  by  Walker  and  Warhiirton 
in  the  author's  laboratory.  But  Japanese  fish  oil  and  a  deodom-ised 
fish  oil  have  given  numbers  ranging  from  23  per  cent  to  39  per  cent  of 
insoluble  bromides,  so  that  it  is  easy  to  prepare  mixtures  of  cod  hver 
oil,  fish  oil,  and  blubber  oil  yielding  the  average  percentage  of  ether- 
insoluble  bromides  furnished  by  genuine  cod  hver  oil.  At  present 
exact  chemical  methods  for  the  detection  of  these  adulterants  are  still 
wanting.  The  organoleptic  method  must  therefore  be  relied  upon  to 
guide  in  the  examination  of  a  suspected  sample. 

For  the  determination  of  the  amount  of  iodine  in  cod  liver  oil  or 
iodised  cod  liver  oil,  Stanford  ^  saponifies  300  grms.  of  oil  with  40  grms. 
of  caustic  soda  (free  from  iodine),  evaporates  to  dryness  and  incinerates 
the  soap  in  a  porcelain  crucible.  The  charred  mass  is  next  boiled  out 
with,  water,  filtered,  and  the  filtrate  evaporated  to  300  c.c.    30  c.c. 


'  I'harvi.  Journ.  (3)  14,  353. 
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of  this  solution  are  then  shaken  with  12  c.c.  of  carbon  bisulphide  after 
a  few  drops  of  nitrosulphuric  acid  have  been  added  (prepared  by 
passing  nitrous  acid,  evolved  on  heating  starch  or  arsenious  acid  with 
nitric  acid,  into  sulphuric  acid).  The  amount  of  iodine  dissolved  in 
the  carbon  bisulphide  is  estimated  colourimetrically  by  comparing  the 
tint  with  that  of  another  solution  prepared  similarly  fi-om  a  known 
amount  of  potassium  iodide. 

On  shaking  pure  cod  Hver  oil  with  water  or  alcohol  no  iodine  passes 
into  solution  ;  fraudulently  added  potassium  iodide  can  therefore  thus 
be  detected. 

The  best  quahties  of  cod  liver  oil,  as  has  been  pointed  out  already, 
are  used  in  pharmacy  and  for  feeding  calves.  In  order  to  mask  the 
unpleasant  taste  which  the  older  medicinal  oils  had — and  which  they 
are  popularly  beheved  to  have  still — various  preparations  are  made 
fi-om  cod  hver  oil,  such  as  effervescent  cod  Hver  oil  or  emulsified  cod 
liver  oils.^ 

For  the  preparation  of  these  emulsions  Bomer  ^  states  that  the 
emulsions  should  contain'  not  less  than  39-40  per  cent  of  cod  liver  oil. 
He  also  recommends  for  sweetening  the  emulsion  in  addition  to  glycerin 
0-02  per  cent  of  saccharin.  Sugar  used  as  such  does  not  keep  in  the 
warm  weather.  He  recommends  as  a  preservative  10  per  cent  of 
glycerin  and  3  per  cent  of  alcohol.  These,  as  also  other  substitutes  for 
cod  liver  oil,  such  as  iodised  oils,  phosphorised  cod  liver  oil,  and  "  fucol," 
will  be  described  in  Chap.  XV. 

Lower  quahties,  i.e.  the  commercial  cod  oils,  the  coast  cod  oils, 
are  used  by  tanners  and  curriers  (see  Chap.  XVI.  "  Sod  Oil  "). 

In  the  examination  of  commercial  cod  oil  for  tanning  and  currying 
purposes,  the  amount  of  free  fatty  acids  and  unsaponifiable  matter 
does  not  play  the  same  important  part  as  in  the  examination  of  medicinal 
oil. 

As  the  hvers  which  are  worked  up  for  cod  oil  are  not  worked  in  the 
freshest  state  (sometimes  even  in  a  putrid  condition),  the  amount  of 
free  fatty  acids  is  considerable,  and  rises  up  to  25  per  cent  and  more. 
The  lower  the  amount  of  free  fatty  acids,  the  higher  is  the  commercial 
value  of  the  oil.  With  regard  to  acid  value  Turnbull  says :  "  Oils 
having  high  acid  value  arc  found  to  spue  readily  if  used  for  currying, 
and  they  are  not  at  all  suitable  for  chamoising."  The  amounts  of 
unsaponifiable  matter  occurring  in  brown  cod  oils  may  be  gathered 
from  the  following  table  : — 


^  Cp.  Sheard,  English  patent  492,  1908  ;  cp.  also  K.  Kawai  and  Z.  Miwa,  English 
patent  application  15,403,  1912. 
^  Apolh.  ZeiL,  1900,  211. 
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Unsaponifiahh  Matter  in  Cod  Liver  Oils 


Description  of  Oil. 

Colour. 

Unsaponi- 
flable. 

Observer. 

Commercial  oil,  English  . 
» »        ) )       » ) 

JDlOAVIl  COU  Oil               *          ■  • 

» )             >>                     •          •  • 
>»             ))                     .          .  t 
»i             »)  ... 

ji             >j  ... 

Yellowish-red 
Pale  Yellow 

JjJ  OWU 
!  ) 
1 1 
I  ) 
)  t 

1 1 

Per  cent. 
2-62 

0-6-1-68 
1  '82 
2-23 
2-68 

20-5 -3 
1-87 

7-3(!) 

Fahi'iou 

Lewkowitscli 

T'alirion 

Lewkowitscli 
Thomson  and 
Ballantyne 
Bull 

Cod  oil  is  frequently  adulterated  with  fish  oils,  the  detection  and 
quantitative  determination  of  which  still  offer  a  difficult  problem, 
which  has  not  been  solved  satisfactorily. 

For  a  method  of  examination  of  cod  liver  oil  by  means  of  its  misci- 
bility  curves  with  acetone,  the  original  papers  by  E.  Louise  should  be 
consulted.^ 

As  cod  liver  oil,  like  fish  oils,  absorbs  oxygen,  the  employment  of 
it  for  paints  and  varnishes  has  been  frequently  suggested  and  also 
patented.  Since  the  unsaturated  fatty  acids  differ  materially  from 
those  of  linseed  oil,  no  flexible  sldn  can  be  obtained  from  cod  liver  oil. 
All  these  proposals  are  therefore  valueless,  although  when  prices  of  ^ 
linseed  oil  are  high,  adulteration  of  "  boiled  oil  "  with  liver  (and  fish  ' 
and  blubber)  oils  is  frequently  practised. 

Procter  and  Holmes  ^  have  examined  the  oxygen  absorption  of  cod 
liver  oils  and  obtained  the  results  stated  in  the  following  tables  :— 


Medicinal  Cod  Liver  Oil 


Blown. 

Specific  Gravity. 

Refractive  Index. 

 ^  1 

Iodine  Value. 

Hours. 

0* 

0  924 

1-4814 

163-0 

4 

0-934 

1-4819 

163-0 

8 

0-937 

1-4825 

139-5 

12 

0-940 

1-4831 

131-5 

]6 

0-952 

1-4836 

127-0 

20 

0-963 

1-4847 

122-0 

24 

0-969 

1-4848 

117-0 

1  Bull  found  7-3-7-9  per  cent  of  un.saponifiablo  matter  in  .some  brown 
figures  suggest  the  presence  of  other  liver  oils. 

2  Journ.  Pharm.  Chim.,  1911,  377. 

3  Journ.  Soc.  Chem.  Jnd.,  1905,  1287. 
•»  Original  oil. 
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Cod  Liver  Oil 


Blown. 

Specific  Gravity. 
15  U. 

Refractive  Index. 
15°  0. 

Iodine  Value. 

Hours. 

01 

0-930 

1-4812 

156-0 

3 

0.930 

1-4815 

155-0 

6 

0-935 

1-4820 

152-0 

9 

0-937 

1-4820 

151-0 

12 

0-938 

1-4825 

150-0 

15 

0-940 

1-4827 

148-0 

18 

0-943 

1-4828 

145-0 

Cod  Oil 


Blown. 

Specific  Gravity. 
15°  C. 

Refractive  Index. 
15°  C. 

Iodine  Value. 

Honrs. 

01 

0-923 

1-4810 

154-0 

3 

0-928 

1-4813 

148-0 

6 

0-928 

1-4815 

148-0 

9 

0-928 

1-4819 

146-0 

12 

0-930 

1-4819 

144-0 

15 

0-930 

1-4820 

143-0 

■  18 

■  0-931 

1-4822 

143-0 

21 

0-932 

1-4827 

142-0 

24 

0-934 

1-4828 

141-0 

Other  liver  oils  are  commercially  of  minor  importance,  and  therefore 
need  not  be  considered  here  individually.  In  the  following  table  (see 
table  facing  p.  447)  I  collate  the  characteristics  of  some  oils.  ' 

Shark  liver  oil  appears  to  be  no  longer  used  in  this  country  ;  at  any 
rate  it  is  not  extracted  here  commercially.  This  oil  is,  however, 
prepared  in  considerable  quantities  in  Iceland,  and  exported  to  the 
Continent  for  use  in  tanning  ;  it  is  also  manufactured  at  the  coast  of 
California,  the  coarser  grades  being  employed  in  the  making  of  tarpaulins 
and  other  oiled  cloth.  In  admixture  with  linseed  oil  and  glue,  shark 
liver  oil  is  used  in  the  preparation  of  plastic  masses  and  rubber  sub- 
stitutes.^  The  livers  from  any  shark  caught  by  the  trawlers  are  ex- 
tracted, together  with  other  livers,  and  therefore  the  "  Coast  Cod  Oil  " 
(p.  429)  will  contain  varying  quantities  of  shark  liver  oil. 

Dogfish  liver  oil  is  prepared  from  Squalus  acanthias,  L.  ("  Spiny 
dogfiHh  "),  according  to  G.  F.  While  from  Mustelus  canis.  This  fish 
is  caught  off  the  coasts  of  Oregon,  Washington,  and  British  Columbia 
in  large  quantities.  One  hundred  livers  are  stated  to  yield  from  6  to 
8  gallons  of  oil.  The  oil  is  not  generally  kept  separate  from  cod  liver 
oil,  and  is  sold  in  admixture  with  the  latter  for  currying  purposes, 

'  Original  oil. 
*  R.  Zitnpel,  Gernmn  piiteiit  236,728. 
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The  name  "  dogfish  "  is  also  given  to  other  species  of  fish  closely 
allied  to  shark,  such  as  Scyllum  laticeps,  AcantUas  vulgaris,  L.  (spined 
dogfish),  Lanina  glauca  (tiger  shark),  Mustelus  canis  (dogfish). 

In  order  to  protect  the  fisheries  the  Federal  Government  of  Canada 
oft'ers  a  bounty  for  the  capture  of  the  dogfish,  which  on  account  of  its 
voraciousness  has  become  a  serious  menace  to  fisheries  on  the  East 
Coast ;  hence  considerable  quantities  of  dogfish  oil  and  dogfish  "  scrap  " 
are  obtainable  in  conamerce.^  The  production  of  dogfish  oil  in  Nova 
Scotia  has  recently  reached  large  proportions,  700,000  fish  being 
worked  up  in  the  season  1910. 

The  changes  which  skate  liver  oil,  coal-fish  liver  oil,  and  shark 
liver  oil  undergo  on  blowing  with  air  at  about  100°  C.  are  set  out  in 
the  following  tables  due  to  Procter  and  Holmes  ^  : — 


Skate  Liver  Oil 


Blown. 

Specific  Gravity. 
15°  C. 

.  Refractive  Index. 
15°  C. 

Iodine  Value. 

Hours. 

0-926 

1-4830 

187-0 

3 

0-926 

1-4830 

185-0 

6 

0-926 

1-4830 

185-0 

9 

0-927 

1-4831 

174-0 

12 

0-929 

1-4834 

167-0 

15 

0-929 

1-4835 

163-0 

18 

0-930 

1-4837 

162-0 

21 

0-933 

1-4840 

160-0 

24 

0-937 

1-4843 

159-0 

Sha7-Jc  Liver  Oil 


Blown. 

Specific  Gravity. 
ia°  C. 

liefractive  Index. 
15°  C. 

Iodine  Value. 

Hours. 

0  = 

0-910 

1-4750 

120-0 

3 

0-911 

1-4752 

119-0 

6 

0-911 

1-4752 

117-0 

9 

0-912 

1-4754 

111-0 

12 

0-913  • 

1-4759 

110-0 

15 

0-913 

1-4760 

108-0 

18 

0-913 

1-4760 

105-0 

21 

0-913 

1-4760 

104-0' 

24 

0-916 

1-4762 

103-0 

1  Canada,  Department  nf  Agriculture  Central  Jixpei-imenlal  Farm,  Ottawa, 
Ontario,  1906,  p.  158  ;  1907. 

Journ.  Soc.  Ohem.  fnd.,  1905,  1287. 
'  Original  oil. 


Lesser  Known  Liver  Oils 


Specific  Gravity. 


0-9307  {at  15°  C.) 

0-929S  (at  15°  C.) 
0-D279  (at  15°  C.) 


0-9327  (at  15°  C.) 


f  0-9298  (at  15°  C.) 

0-934 
[  0-9290 
0-9261  (at  15°  C.) 


0-9245  (at  15-5°  C.) 
f  0-9200  (at  15°  C.) 

0-923 
\  0-9240 
0-9224  (at  16-5°  C.) 
0-9163  (at  15°  C.) 
0-9118  (at  18°  C.) 
0-9105-0-9130 


0-9156-0-9177 
0-9158 
0-9010  (at  40°  C.) 


0-9280  (at  15-5°  C.) 
0-9345  (at  15°  C.) 
0-9161  (at  15°  C.) 

0-9214  (at  15°  C.) 

0-914  (at  40°  C.) 
0-909  (at  40°  C.) 
0-9270  (at  15-5°  U.) 

0-9250 

0-9254 


0-9290 

0-9179 

0-9220 
0-9303  (at  15°  C.) 

0-9222 
0-9230  (at  15-5°  C.) 

0-9058 
0-900   (at  40°  C.) 

0-9275  (at  15-5°  C.) 


Jmmi.  Anur.  Cliem.  fix.,  I'lOli,  390. 

1904,  211.    Butyi-o-refractonietci-  index-  of  in.soluUe  latty  aciils,  liO'?  at 

C    0- '     ■  "  "  ■      "  " 

IB  l)ani.sli  "  Sejtliraii ' 


'  Sejleliei-tltraii.' 


Solidifving 
Point. 

Melting  Point. 
C. 

Eeiclier 
Meissl 
Value 



Saponiflcjvtion 
Valne. 

Iodine  Value. 

Insoluble 
Fatty  Acids 
-f-Unsaponiflable. 
Per  cent. 

Refraction. 

Oxidised 

Acids. 
Per  cent. 

Acetyl  Value. 

Acid  Value. 

Unsaponifiable. 
Per  cent. 

Specific 
Temperature 
Reaction. 

Specific 
Rotatory 
Power. 

Refractive  Index. 

Butyro-ref 
At  25°  0. 

ractometer. 
At  40°  0. 

185-4 

157-3 

94-7 

"  Degrees." 
82-5 

"Dcsr 
73- 

es." 

S 

10-6 

0-97 

187-9 

191-1 

0-66 

1-08 

322 

20 

187-9 

169-6 

1-4798  at  20° 

82-5 

1-18 

(iit  ?0°\ 

155-9 

95-79 

311 

0-2-34 

1-0-1-8 

1S5-3 

198-9 

1-4837  at  20° 

89  (at  20°) 

0-62 

20-8 

.. 

188-8 

154-2 

93*3 

1-1 

193-0 

179  " 

84 

2-7 

1-3 

187-2 

186-4 

81 

72 

0-5 

300 

- 

187-2 

161-1 

77 

1-14 

257 

n. 

J7 

154-1 

151 

1-4795 

i-9 

184-1 

132-6 

10-9 

2-23 

188-0 

133-0 

74 

65 
65 

1-00 

. 

187-2 

151-8 

75 

0-6 

234 

[«])= 

-  u- 

26 

183-1 

143-4 

1-4784 

161-0 

114-6 

86*9 

li-9 

10-2 » 

■ 

1-2 

168-3 

127-7 

12-1 

14.fi.  1.1  Aft.  f=; 

OA.Q  01 .Q 

ZU*o-^i  O 

163-4-163-6 

182-7 

213-6  " 

1-52 

174-1 

155-5 

3-32 

157-2 

128-3-130 

0-88-1-5 

14-4-21-5 

90 

-f20-5 

0-21 

185-4 

123'2 

94-2 

164-0 

lU-0 

0-92 

196-5 

103-9 

186-1 

178"  5 

n't. A 

1-4860 

11*25 

4-86 

1-48 

160-2 

105-7 

96 

1-4752 

7-06 

0-75 

12-55 

.. 

191-8 

115-3 

93-6 

1-4760 

1-4 

1-84 

2-06 

-1-22 

0-26 

194-0 

124-7 

93-2 

0-98 

-I-25-5 

0-23 

187-4 

118-5 

94-6 

1-13 

190-7 

154 

2-i 

l-'38 

-■ 

178-1 

158-2 

1-4812 

188-9 

117-3 

16-73 

191-1 

117-4 

1-02 

187-9 

184-2 

81 

72 

1-3 

1-06 

317 

Wj  = 

-0- 

i5 

169-7 

142-7  " 

71-2 

62-5 

4-84 

8-4 

Mj  = 

-1- 

>7 

180-3 

153-3 

1-4786 

1-3 

3-2 

225 

84-93  '» 

7-7 

2-55 

0-89 

180-4 

130- 1 

25 

75 

0-3 

4-92 

-0-5° 

in  2 

DO 

183-0 

138-0 

40 

66-3 

mm. 

tub 

180 

152-2 

93-4 

1-4830 

8-7 

i-'64 

1-58 

+  27 

0-28 

136-8 

97-7 

99-6 

1-4751 

13-0 

0-6 

28-3 

187-1 

92-9 

94-7 

1-0 

191-4 

91-1 

62-1 

189-4 

164-8 

1-4801 

14-0 

6  13 

*  A  mlijsl,  1904,  211.    Butyro-refractometer  index  of  insolnlile  fatty  acids,  5-2-3  at 
40°  0.    Valeuta  test,  105°  0.    Optical  rotation -0-6  in  a  200  mm.  tuljc. 
"  Cp.  also  table,  p.  440. 

Olian.  Ranie,  1910,  182. 
"  G.  F.  Wliite,  Journ.  lud.  Zing.  Oliem.,  1912,  106. 


'■-^  Aunuul  Rep.  Indian  Mmetun,  1908-9,  pp.  10-11.  Memoirs  of  the  Indian 
A/tiseuiii,  vol.  ii.  (1909),  p.  59. 

Trcivmix  de  la  Slat,  mm- it.  d^Ostende-. 

The  liver  contained  (weighing  89-5  lbs.)  71-6  per  cent  of  oil. 


Insoluble 
Bromides. 
Per  cent. 


40-08 
(containing 
71-33%  Br.) 

51-5 
(containing 
70-51%  Br  ) 


42-7 


30-2 


30-3 


37-2 


35-1 


Solid  Fatty 

Acids. 
Per  cent. 


15-99 


14-42 


13-68 


18-62 


7-01 


]\Iaumen6 
Test. 
°C. 


130-8 
80-4 


75-5 


73 


107-5 
05-0 


Fiitty  Acids. 


Neutralisation  Saponification 
Value.  Value. 


290 


189-9 


169-6 
158-1 


198-5 


203-6 
190-4 


Fatty  Acids. 


Solidifying 
Point. 
°0. 


31-3 


31-0 


196-7 
166-7 


199-7 


131-3 
192-2 


171-4 
208-1 


134 


24-3 
21-7 


28-8 


15-2 


24-5 


Melting 
Point. 
•C. 


39  0 


31-0 
28-3 


34-2 


37-5 
39-0 


20-9 


31-2 
39-0 


Lewkowitsch 

Thomson  and  Dunlop 
Tsujimoto  ^ 


Fahrion 
Tsujinioto  - 


Lewko-witsch 
Livei-seege  ^ 
Thomson  and  Dunlop 


Lewkowitsch 
Tolman  ' 
BiUl 

Liveraoego  * 

Thomson  and  Dunlop 

Tolman 

Lewkowitsch 

Titarowski 

Bull 

White  " 


Eitner 
Hooper  ^° 

White  " 

Lewkowitsch 
Huwart 

Henseval  and  Huwart 

Huwart 

Hooper 

Lewkowitsch 
Thomson  and  Dunlop 
Tolman 
White 

Thomson  and  Dunlop 
Tolman 

Henseval  and  Huwart 

Mann 

Liverseege 

Henseval  and  Huwart 

Huwart 

Hooper 

Tolman  ' 


Tlie  exti-aordinarily  high  Beichert  -  Meissl  value,  39-5,  given  for  this  oil  would 
seem  to  point  (in  the  anUior's  opinion)  to  the  oil  representing  a  congener  of 
porpoise  oil. 

Analyst,  1904,  211.  Valeuta  test  108°.  Refraction  of  fatty  acids  in  bntyro- 
refractometer,  53-3  "  degrees  "  at  40°  C. 


Liver  Oil  from 


Skate 


{Japanese 
Suketo-fura) 


Tunny 


(Japanese 
Maguro) 


Haddock  ^ 


Coal-fish  0  (Pol- 
lock), saith 


Ling 


Huile    do    foie  d'ange 
(d'angelot) 


Huile  de  foie  de  then 


Huile  de  foio  d'egrefin 

Huile  de  foie  de  merlan 
vert,  ou  sey,  ou  char- 
bonnier 


Meerengelloberiil  Olio  di  ftigaio  di  scpiadro  angclo 


Source. 


Thunfishlebeiiil 


Sehellfisclileberol 


Sejlcberol  (Kohlur 
Icbcrol,  Pollakol) 


Huile  de  foie  de  lingue  Lengleberol 


Shark  (Arctic) 

„  (Arctic) 

„  (Sand) 
„  (Hammer- 
head) 
„  (Japan) 
„  (Japan) 
„  (Spotted 

shark) 
„     (Torpedo)  . 
„  (Squeteague) 
Ray 


Eagle  ray 

White  stmg  ray 
Shark  ray 
Hake  . 


Scup 
Eel 

Whiting 
Dog-fish - 


Brusmer,  Cask 


Common  saw  fish 
Jiutter  fish  . 
Trout  ... 


Huile  de  foie  de  requin 
arctique 


(Jap on) 


Huile  de  foie  de  raio 

Huile  de  foie  de  pasten- 
ague 

HuUe  de  foie  d'algle  do 
mer 


Huile  de  foie  de  merlus 
ordinaire 


Huile  de  foie  de  cypriu 
Huile  de  foie  de  roussette 
(chien  de  mer) 


Huile  de  foie  de  lamie 


Haifischleherol  ark- 
tisch 


(Japanischcs) 


Rochenlebertjl 

Stachelrochenleberol 

Adlert'ochenlcberiil 


Seehechtlebetol 
(Rotaugenleberiil) 


Weissfischlebei'ol 
Hundshailcbeiol 


Torskleberol 
Brosmertran 
Brosmertran 


Forellcnleberiil 


Olio  di  fogato  di  tonno 


Olio  di  fcgato  di  uierlango 


Olio  di  fegato  di  pesco  cane 


(del  Ciiapponc) 


Oliu  di  fegato  di  rax/.a 


Specific  Gravity. 


Olio  di  fegato  do  hiecio  inai'ino 


Olio  di  fegato  di  argcntina 


SquaUna  vulgaris 

Gadus  chalcogramus.  Pall 


Thynnus  vulgam 
Thynnus  iSchlegdi,  Stoind. 


Merluccius  {Qadits  ?)  wghfimis, 
L. 

Melanofjmmmm  (cglefinus,  L.^ 
Gadus  mcrkimjm  {virens  ;  car- 
boiiaiius),  L. 
{PoUackixs  virens,  L.) 


Molva  vulgaris,  Lep. 
Scynmu-1  borealis 


CarcJiarius  Utloralis 
S-phyrna  Zygaena 


Slegostoma  Ugrimim 

TelranarcQ  occidentalis 
Gynoscion  regalia 
Raja  clavata  (balis) 

Trygon  pasUnaca 

Myliobales  aguUu 

Trygon  microps 
Eainphoballs  ancyloslotnvt 
Merluccius  communis  {vulgaris) 
Urophyccs  trcnius,  Mitchell 
U.  clmsSy  Walbaum 
Slenotomus  chrysops 
Anguilla  rostrafa 

Squalus  acanlhtas,  L. 

Squalus  borealis 
lirosmius  Brosme,  Miillcr  * 

Lamna  cornubica 
Qenlrina  Halviani 
PrisLis  FeroUelti 
Poronoius  IricanOms 


0-9307  (at  15*^  C.) 

0-9298  (at  15°  G.) 
0-9279  (at  15"  C.) 


0-9327  (at  15°  C. 


0-9298  (at  15°  C.) 

0-934 

0-9290 
0-92GI  (at  15°  C.) 


0-9245  (at  IS-S**  0. 
0-9200  (at  15°  C.) 

0-923 

0-9240 
0-9224  (at  15-5"  C. 
0-9103  (at  15°  C. 
0-9118  (at  18°  C. 
0-9105-0-9130 


0-9156-0-9177 
0-9158 
0-9010  (at  40°  C. 


0-9280  (atl5-.5°a) 
0-9345  (at  15°  C.) 
0-9161  (at  15°  C.) 

0-9214  (at  15°  C.) 

0-914  (at  40°  C.) 
0-909  (at  40°  C.) 
0-9270  (at  15-5°  C.) 

0-9250 

0-9254 


0-9290 

0-9179 

0-9220 
0-9303  (at  15°  C.) 

0-9222 
0-9230  (at  15-5°  C.) 

0-9058 
0-900  (at  40°  C.) 

0-9275  (at  15-5°  C.) 


Solidifying 
Point. 


'  Chem.  Rev,,  1913,  72. 

2  Chevi.  Rev.,  1913,  71.  The  author  does  not  state  whethei'  this  is  a  liver  or  body 
oil  (sec  table  facing  page  423). 

3  This  oil  is  frequently  termciT  cod  liver  oil,  e-^pecially  in  Llie  Freucli  aint  Itahan 
literature,  ' 


'  Tohiiaii,  Jonrn.  Avtcr.  Chem.  »'C.,  lOOij,  390. 
s  Avah/st,  1904,  211.    Butyro-refractonieter  index  of  iii.'^oluble  fat 
40"  C.    Viileuta  test,  70"  C.    Optical  rotation  -  0 ■.5"  in  a  200  mm.  tube 
"  Tliisis  tlie  Danish  "Scjtbian"  or  *' .Sejlebertbnui." 
Journ.  Ind.  and  Eng.  C'heiu.,  1909,  34G. 
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Coal-Fish  Liver  Oil 


Blown. 

SpGcilic  Gravity, 
15'  C. 

Eefractive  Index. 

Iodine  Value. 

Hours. 

0^ 

0-921 

J.      /  OO 

loo  U 

3 

0-921 

1-4787 

151-0 

6 

0-921 

1-4788 

146-0 

9 

0-922 

1-4788 

141-0 

12 

0-923 

1-4789 

136-0 

15 

0-924 

1-4790 

1350 

21 

0-927 

1-4792 

134-0 

24 

0-931 

1-4794 

130-0 

Some  characteristics  of  these  liver  oils  and  of  other  lesser  known 
liver  oils  are  given  in  the  table  opposite. 

Two  qualities  of  skate  liver  oil,  viz.  medicinal  oil  and  technical  oil, 
are  being  placed  on  the  market  by  the  commissioner  of  Fisheries' 
Bengal. 


The  livers  of  the  Crustacea  (e.g.  Cancer  pagurus,  Palinurus  vulgaris) 
as  also  the  Hvers  of  decapods  [Birgus  latro)  are  very  rich  in  oil.  An 
examination  of  these  oils  has  not  been  carried  out  hitherto. 

With  regard  to  fats  from  pig  and  ox  liver,  see  "  Animal  Fats." 

Lesser  known  liver  oils,  see  table  opposite. 


y.  Blubber  Oils 

In  this  group  are  comprised  oils  of  different  composition.  Seal 
oil,  whale  oil,  turtle  oil,  and  dugong  oil  consist  almost  wholly  of  giycer- 
ides;  dolphin  oil,  porpoise  oil,  and  brown  fisli  oil  contain  notable 
amounts  of  spermaceti,  forming,  as  it  were,  intermediate  members 
between  true  fatty  oils  and  liquid  waxes. 

The  last  three  members  of  this  group— dolphin,  porpoise,  and 
brown  fish  oils— occupy  an  exceptional  position  on  account  of  their 
containing  considerable  proportions  of  glycerides  of  volatile  acids.  In 
this  respect  turtle  and  dugong  oils  form  intermediate  links  between 
these  oils  on  the  one  hand,  and  seal,  and  whale  oils  on  the  other. 


Original  oil. 
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GLYCERIDES  MARINE  ANIMAL  OILS 


CHAP. 


SEAL  OIL 


-Fiench—Huile  de  phoque.    Gevmsin—Rohbenlran,  Seehundstran. 
Italian — Olio  di  foca. 

For  tables  of  characteristics  see  pp.  450-452. 

Seal  oil  is  obtained  fi'om  the  blubber  of  the  various  species  of  seal, 
such  as  PJioca  vituUna,  Phoca  grcenlandica,  Phoca  lacjura,  Phoca  casftca, 

etc  "L 

The  following  seals  occurring  in  the  Antarctic  Ocean  have  been 
described  recently  (National  Antarctic  Expedition,  1901-4,  i^atural 
Sr,  vol  ii.  Zoology,  London,  1907),  Weddeli;s  seal  {LeptonycM^^^^ 
Fe«),sea-leopard  {Stenorhynclius  lej,ion2/,x),crab-eatmg  sea  [Lohodm 
carcinophagus),  Boss's  seal  {Ommatophoca  ross^),  elephant  sea  {Macwr- 
hinus  leonmus,  M.  angustirostrius),  in  commerce  the  oil  is  also  named 
sea-elephant  oil,  Hooker's  sea  Hon  {Arctocephalus  Hooken). 

In  the  early  times  of  "  whaling,"  the  oil  was  exc  usively  tried 
on  board  the  whaling  vessels,  just  as  in  the  case  of  whale  oil  (see  p.  455). 
Later  the  seals  were  brought  to  rendering  establishments  on  shore 
and  the  blubber  cut  fi-om  the  animal  was  thrown  into  large  vessels  of 
™t  heiXt  in  which  the  oil  was  pressed  out  from  the  lower  layers 
fy  the  s^^^^^^^^^^  weight  of  the  blubber,  and  the  -uding  oil  was 

aUowed  to  run  ofi  continuously.    The  oil  running  out  at  first  was  pale 
annimos    free  from  smell.    When,  however   the  blubber  became 
Lncid  and  even  putrid,  the  oil  obtained  was  rich  m  free  Mty  acid  , 
and  acQuired  besides  a  dark  colour,  a  nauseous  taste,    ^t  Piesent 
seal  oTiTiec^vered  by  more  modern  methods,^  such  as  are  described 

^t^^^Z::^^^^-         ^l^^^er  on  board  the 
't:^:^  oils  deposit "  stearin.    on  ^^^^'^^7^ 

JlZu  of  free  fatty  acids,  a.d  of  bad  odour.    Th>s  sfearme 
LLns  easily  - "d'L  diSerentiafed-water- 

=:y:f  ardt:™  sea.  0^,  ^ 

they  are  obtained  -^-^'f  the  ongest  in  conUot  with 

The  darkest  qua  .ty,s  ^^^^^^^^^tSlt  the  highest  temperature. 

1  Cp.  Osmuudseu,  English  patent  2357/1912. 
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influence  of  food  conditioned  by  the  fauna  of  an  inland  sea.^  Such 
influence  becomes  more  pronounced  still  in  the  case  of  the  seal  oil  from 
Phoca  fcetida,  var.  saimensis  Nordkvist,  a  variety  of  seal  which  has 
adapted  itself  for  many  generations  to  the  fresh  water  of  the  Saima 
Lake.^ 

According  to  Ljubarsky  ^  the  mixed  fatty  acids  from  the  Caspian 
oil  consist  roughly  of  17  per  cent  of  palmitic  acid  and  83  per  cent  of 
liquid  acids.  The  latter  yielded  on  oxidation  a  mixture  of  dihy- 
droxypalmitic  and  dihydroxystearic  acids,  from  which  the  presence  of 
oleic  acid  and  physetoleic  acid  (or  hypogseic  acid)  in  the  original  oil 
was  inferred.  Ljuharshy  foimd  no  linolic  acid,  the  presence  of  which 
had  been  recorded  by  Kurhatoff^ 

Walker  and  Warburton  obtained  in  the  author's  laboratory,  however, 
in  the  bromide  test  27-54-27-92  per  cent  of  ether-insoluble  brominated 
glycerides  ;  the  fatty  acids  yielded  only  19-8-19-9  per  cent  of  insoluble 
bromides,  which  behaved  Hke  the  brominated  products  obtained  from 
fish  and  liver  oils.  Tolman  found  19-5  per  cent  insoluble  bromides 
in  a  specimen  of  seal  oil  yielding  (by  the  lead-salt-ether  method)  9-96 
per  cent  sohd  acids. 

Bull  isolated  from  a  specimen  of  northern  seal  oil  a  hquid  fatty 
acid  absorbing  306-8  per  cent  of  iodine. 

In  the  elaidin  test  seal  oil  gives  a  pasty  mass,  which  separates  from 
a  liquid  portion. 

The  following  table  records  the  proportions  of  free  fatty  acids  and 
unsaponifiable  matter  found  by  several  observers  : — • 


No. 

Kind  of  Seal  Oil. 

Free  Fatty 
Acids  (as  Oleic 
Acid). 

Unsaponifiable 
Matter. 

Observer. 

Per  cout. 

Per  cent. 

1 

Water-white 

0-2 

Lewkowitscli 

2 

Pale  . 

0-9-1-5 

3 

Cold-drawn,  pale 

1-80 

0-5 

Thomson  and  Ballantyne 

4 

Steamed,  pale 

1-46 

0-38 

»> 

5 

Tinged  (brown)  . 

8-29 

0-42 

6 

Norwegian  . 

7  -sa 

0-51 

7 

Northern  . 

3-2 

1-05 

Bull 

8 

Very  palo  . 

0-98-1-13 

Chapman  and  Rolfe " 

9 

Yellow 

1-41 

>» 

10 

Light  brown 

4-09 

»« 

11 

Dark  brown 

19-95 

It  may  be  noted  that  Thomson  and  Dunlop  obtained  with  an  un- 
doubtedly genuine  and  fresh  seal  oil  a  distinct  violet  colouration  with 
sulphuric  acid,  similar  to  that  given  by  liver  oils.  This  specially 
prepared  seal  oil  had  the  specific  rotatory  power  [a]  j  =  -0-19. 

^  Cp.  Lewkowitsch,  Jahrhuch  d.  Ohem.,  1905,  (xv.)  420. 

Thin  .seem.s  to  riie  hardly  tenable  as  a  general  jiroposition,  inafimiich  as  carp  lish  oil 
lias  an  iodine  value  of  84  only  (ep.  also  iny  remarks  in  Jahrhuch  d.  Chem...  1903,  xiii. 
P-  406  ;  1904  (xiv.),  440). 

Journ.  f.  prakt.  Chem.,  1898,  26.  '  •*  Bmchte,  25,  Referate,  p.  506. 

Jown.  Soc.  Chem.  Jnd.,  1891,  236.  «  Ibid.,  1894,  843. 
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The  elephant  seal  caught  on  the  coasts  of  Kerguelan  Island  yields 
a  light  yellow  oil  having  the  following  characteristics  ^  : — 


0. 

Light 
Yellow. 

1. 

Light 
Y'ellow. 

1. 

Light 
Yellow. 

2. 

Red 
Yellow. 

2. 

Bed 
Yellow. 

Red 
Brown. 

Specific  gravity  at  15°  C. 
Saponification  value 
Iodine  value 

Insoluble  fatty  acids  + 

unsaponifiable 
Free  fatty  acids,  per  cent 

0-9222 
189-0 
1240 

190-0 

0-9223 
190-0 
130-9 

0-9215 
189-4 
124-S 

1-48 

ci-'98 

95-0 
0-76  1-70 

8-00 

24-00 

The  oil  is  contained  in  a  thin  layer  of  blubber,  each  seal  yielding 
about  80  kg.  of  oU.  The  oil  deposits  "  stearine  "  on  cooling  to  10-15°  C.  ; 
below  10°  it  becomes  pasty  and  has  a  higher  sohdifying  point  than 
that  of  ordinary  northern  seal. 

Sea  lion  oil  ^  obtained  from  Otaria  stelleri  Less.  (Japanese  name 
"  Ashika  ")  is  a  yellow  liquid  having  a  fishy  smell.  An  examination 
of  this  oil  by  Tsujimoto  showed  the  following  characteristics  : — 


Specific  gravity  . 
Saponification  value 
Iodine  value 
Acid  value 

Refractive  index  at  20°  C. 
Butyro-refractometer  . 
Melting  point  of  fatty  acids, 


0-9278 
189-80 
156-37 

0-  58 

1-  4783 
80-0 
29-5 


The  ether  insoluble  bromides  of  the  total  fatty  acids  amounted  to 
36-04  per  cent ;  these  bromides  after  extraction  with  benzene  contained 
70-76  per  cent  of  bromine. 

The  best  qualities  of  seal  oil  are  used  as  burning  oils  in  lighthouses, 
or  when  prices  of  cod  liver  oil  are  high,  as  an  adulterant  of  cod  liver  oil ; 
seal  oil  having  a  similar  composition  to  cod  liver  oil  and  possessing 
even  less  taste  and  smell,  there  is  no  reason  why  it  should  not  replace 
to  some  extent  cod  liver  oil  in  pharmacy.^  Lower  qualities  of  seal  oil 
are  used  in  soap-making,  particularly  soft  soaps,  and  in  the  leather 
industries.  The  changes  which  seal  oil  undergoes  in  the  sod  oil  manu- 
facture is  described  in  Chap.  XVI. 

The  change  suffered  by  seal  oil  on  blowing  with  air  at  100°  C.  is 
stated  in  the  following  table,  due  to  Procter  and  Holmes  *  : — 


^  J.  Lund,  Seifr.nsieil.er  Zt(j.,  1912,  451. 

Tsujimoto,  Ghem.  Revim,  ]{)13,  7]. 
*  A.  Wlngard,  .SVew.v^.  Farm.  Tiihskr.,  1911,  10. 

Journ.  Soc.  Chem.  Ind.,  1905,  1287. 
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Pale  Seal  Oil 


Specific  GrOiVitv. 

lodino  Va.ln6. 

Hours. 

0-932 

1-4795 

121-5 

4 

0-944 

1-4798 

121-5 

8 

0-955 

1-4800 

105-5 

12 

0-956 

1-4808 

100-0 

16 

0-961 

1-4815 

96-5 

20 

0-964 

1-4820 

94-5 

24 

0-968 

1-4820 

91-5 

Seal  oil  is  frequently  adulterated  with  mineral  oils  and  rosin  oils, 
the  detection  of  which  is,  however,  easy.  A  mixture  of  seal  oil  with 
various  fish  oils  is  frequently  sold  as  seal  oil.  The  detection  of  the 
adulterant  is  not  easy,  as  neither  the  iodiae  value  nor  the  bromide  test 
furnish  decisive  indications.  In  the  present  state  of  our  knowledge 
the  taste  and  smell  render  some  assistance  in  the  examination. 


WHALE  OIL 

French — Huile  de  haleine.  German — Walfischtran. 
Italian — Olio  di  halena. 

For  tables  of  characteristics  see  pp.  460,  461. 

Whale  oil  is  extracted  from  the  blubber  of  various  species  of  the 
genus  Balcena,  viz.  Balcena  mysticetus,  Greenland  or  "  Eight "  whale 
(northern  whale  oil),  which  attains  a  length  of  about  60  ft.,  its  head 
being  about  one-third  of  its  length  ;  Balcena  australis  (southern  whale 
oil),2  this  animal  attains  a  length  of  about  45  ft.  ;  Baloenaoptira  longi- 
mana  ;  BaloBuaoptira  musculus,  common  rorqual  (Fin-back  oil)  (Finner 
whale  oil)— French  :  Huile  de  rorqual ;  German  :  Finnfischtran— 
attains  a  length  of  about  70  ft.  and  is  found  all  over  the  world  ;  Balcena- 
optera  horealis,  Northern  or  Euolphis  rorqual,  measuring  about  40-50 
ft.  is  found  principally  ofi  Scotland,  Faroe  and  Falkland  Islands; 
Bottle-nose  whale,  Balcsnoptera  hyperoodon  and  Blue  whale,  Balcena- 
optera  sibbaldii,^  this  latter  is  said  to  be  the  largest  living  animal  in 
the  world,  and  sometinies  attains  a  length  of  100  ft.  ;  Neobal(Bna 
marginata  ;  RhacManectes  glauca,  Cope  (Japan).  The  northern  whale 
oil  is  the  "  train  oil  "  proper  ;  but  this  name  has  become  a  generic 

'  Original  oil. 

2  T.  E.  Salvesen,  Jown.  Royal  Soc.  of  Arts,  1912,  515. 

3  The  Discovery  (National  Antarctic  Expedition,  1901-4),  Natural  History,  vol.  u. 
Zoolo-y,  London,  i907)  found  no  traces  of  the  .southern  Kight  whale  {Balana  australis) 
which  Captain  Ross  ha<l  reported  to  he  alnmdant  in  the  'forties  of  the  last  «n  ury,  but 
met  with  the  rorqual,  the  Australian  whale  (A'cohaUrna  marginata),  the  l^iller,  and 
two  new  cetaceans. 
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name,  and  has  been  extended  to  all  other  "  blubber  oils  "  included  in. 
this  gi'oup.    For  the  milk  fat  of  whales,  cp.  table  under  "  Butter  fat." 

The  blubber  of  whales  caught  in  the  northern  seas  of  Europe  was, 
in  the  early  days  of  the  whaling  industry,  "  tried  "  on  board  the  whalers, 
but  in  consequence  of  the  low  yield  and  also  of  the  low  quality  of  oil 
thus  obtained,  the  whales  are  now  brought  into  the  "  trying  "  stations 
situated  in  Finnmarken,  on  the  Lofotes,  Faroe,  Shetland,  and  Hebrides 
Islands,  and  in  Iceland. 

To  a  large  extent  the  American  whalers  still  "  try  "  the  blubber 
on  board  ship  and  deliver  the  crude  oil  into  the  refineries  of  New  Bedford, 
Mass.,  on  the  east  coast,  and  of  San  Francisco  on  the  west  coast.  In 
British  Columbia  the  most  modern  methods  of  collecting  and  refining 
whale  oil  are  employed. 

The  whales  caught  in  the  whaling  grounds  adjacent  to  the  South 
African  coast,  especially  to  that  of  Natal,  are  brought  into  the  "  trying  " 
stations  at  Durban  and  Salvanha  Bay  (Hootjes  Bay). 

The  "  right  whale  "  oil  is  of  better  quality  than  the  "  southern 
whale  "  oil.  The  "  finner  whale  "  oil  is  of  still  lower  quality.  Hence 
the  finner  whale  was  formerly  neglected  by  the  whalers,  but  at  present 
even  this  kind  of  whale  is  eagerly  pursued  by  them  along  the  coasts  of 
Norway  and  Newfoundland,  especially  ofi  South  Africa,  as  also  to  a 
smaller  extent  on  the  Asiatic  coast  of  Russia,  and  the  coast  of  Japan. 

Besides  the  species  of  whales  named,  other  kinds,  such  as  the  "  orca  " 
or  "  killer  "  whale,  the  "  beluga  "  or  white  whale,  are  caught,  especially 
by  the  American  whalers,  and  the  blubbers  are  rendered  for  whale  oil. 

The  average  yield  of  oil  obtainable  from  the  different  species  of 
whales  is  given  in  the  following  table  : — 

Kind  of  Whale. 

Right  whale,  Pacific  . 
Right  whale,  Atlantic 
Bowhead  whale 
Humpback  whale,  Pacific 
Humpback  whale,  Atlantic 
Finback  whale,  Pacific 
Finback  whale,  Atlantic 
Californian  gray  whale 
Orca  or  killer  whale  . 
Beluga  or  white  whale 

The  "  sulphur-bottom  "  whale  found  off  the  coast  of  British 
Columbia  yields  about  6  tons  of  oil,  3^  tons  of  body  bone,  3-|-  tons  of 
guano  and  3  cwts.  of  whale  bone.  These  whales  are  said  to  be  worth 
£100  each,  whereas  the  "  right  whale  "  is  much  rarer  and  is  valued  at 
about  £2000. 

The  extraordinary  small  quantity  of  cod  fish  caught  off  the  coast 
of  Norway  in  1903,  caused  those  interested  in  the  cod-fishing  industry 
to  start  an  agitation  with  the  object  of  enforcing  legislation  against 
the  killing  of  the  whale  off  the  coast  of  Norway,  as  the  whales  drive 
away  the  seals,  which  work  the  greatest  destruction  amongst  the  cod 


Yield  in  Barrels  of 
31 gallons. 

.    25  to  250 
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shoals.  In  consequence  of  this  agitation  a  law  was  passed,  which 
came  into  force  on  January  1,  1905,  forbidding  the  killing  of  whales 
within  Norwegian  Sea  territory  and  the  landing  of  whales  in  the  Nor- 
wegian rendering  estabhshments.  This  will,  no  doubt,  increase  the 
output  of  the  rendering  works  in  the  Faroe,  the  Shetlands,  and  the 
Hebrides  Islands.^  It  is  doubtful  whether  this  legislation  will  improve 
the  yield  of  the  fishes,  as  the  causes  of  the  migration  of  the  fish  shoals 
are  at  present  unknown  to  us. 

According  to  the  equipment  of  the  blubber-rendering  stations  the 
yield  of  the  oil  and  also  its  quality  vary.  In  the  most  modern  works 
the  blubber  is  stripped  clean  fi'om  flesh  immediately  after  the  arrival 
of  the  whaler,  and  care  is  taken  to  leave  as  little  flesh  as  possible  on 
the  blubber.  The  latter  is  then  cut  into  strips,  which  are  thrown  into 
chopping  machines,  whence  the  comminuted  mass  is  immediately 
delivered  into  melting  pans,  and  boiled  with  steam.^  Five  different 
qualities  of  whale  oil  are  produced.  The  best  quality  is  the  oil  which 
first  runs  off  the  blubber  at  the  lowest  temperature,  and  is  known  in 
commerce  as  "  Whale  Oil  No.  0  "  ;  it  is  of  a  pale  yellow  colour,  and  has 
but  a  faintly  fishy  smell.  This  oil  contains  a  very  small  quantity  of 
free  fatty  acids.  The  best  brands  are  water-white,  and  are  free  from 
volatile  fatty  acids.  On  further  boiling  the  second  quality  ("  Whale 
Oil  No.  1  ")  runs  off  ;  it  is  a  little  darker  in  colour,  although  still  pale 
yellow.  Its  fishy  smell  is  more  pronounced  than  the  oil  of  the  first 
running. 

These  two  qualities  of  oil  are  stored  in  large  vessels,  whereby  they 
become  clarified  whilst  depositing  "  stearine,"  which  is  filtered  off, 
pressed  in  hydraulic  presses,  and  sold  as  "  whale  tallow,"  "  whale 
stearine  "  for  soap-making.  When  tallow  is  high  in  price,  it  is  some- 
times adulterated  with  whale  stearine ;  this  will  be  detected  by  the 
high  iodine  value  of  the  liquid  fatty  acids,  and  also  by  the  yield  of 
insoluble  bromides. 

The  residual  mass  in  the  boiling  pans,  together  with  the  flesh  of 
the  whale,  is  cut  up  into  strips  or  fairly  large  lumps,  and  is  "  tried 
down  "  in  a  digester  under  a  pressure  of  40-50  lbs.  Thus  the  oil  classed 
as  "  No.  2  oil  "  is  obtained.  This  oil  has  a  brown  colour  and  a  strongly 
developed  fishy  smell ;  its  proportion  of  free  fatty  acids  is  considerably 
higher  than  in  "  Oil  No.  1."  In  some  stations  "  Whale  Oil  No.  2  "  is 
made  from  the  blubber  residues  only,  and  does  not  contain  any  oil 
from  the  flesh.  Hence  it  represents  a  superior  article  to  the  "  No.  2 
Oil,"  described  in  the  preceding  lines. 

The  bones  are  also  worked  up  in  the  same  manner,  and  yield  a 
still  inferior  quality  of  oil.  Such  oil  ("  Whale  Oil  No.  3  ")  is  darker 
still,  has  a  more  strongly  developed  odom-,  and  a  high  percentage  of 
free  fatty  acids.    "  Whale  Bone  Oil  "  of  commerce  is,  however,  not 

1  In  consequence  of  tlie  "Whale  Fisheries  (Scotland)  Act"  of  1907  the  Fishery 
Board  have  prescribed  a  closed  time  for  the  prosecution  of  the  whaling  industry  for  a 
period  of  five  weeks,  extending  from  1st  June  to  5tli  July  (during  the  great  summer 
herring  fishery),  within  a  distance  of  forty  miles  off  the  coasts  of  Shetland. 

2  A  description  of  a  modern  installation  for  working  up  whale  on  laud  is  given  in 
Oil,  Paint,  and  Drug  Reporter,  1907,  No.  10. 
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H    exclusively  made  fi-om  the  bones,  except  in  those  cases  where  the 
product  is  sold  as  "  Bone  Oil." 

The  oil  obtained  after  the  flesh  has  undergone  some  pronounced 
putrefaction  ("  Carcase  Oil,"  "  Whale  Oil  No.  4  ")  is  still  darker,  and 
more  objectionable  as  regards  smell,  and  contains  a  higher  proportion 
of  free  fatty  acids.  In  the  three  lowest  qualities  the  proportion  of 
unsaponifiable  matter  is  considerable. 

It  must,  of  course,  be  understood  that  the  difierent  qualities  de- 
scribed above,  with  the  exception  of  "  Whale  Oil  No.  0,"  vary  within 
wide  Umits,  so  that  no  definite  standards  can  be  laid  down.  Specimens 
of  Norwegian  Whale  Oils  No.  1,  No.  2,  and  No.  3,  examined  in  my 
laboratory,  gave  the  following  acid  values  respectively  :— 3-97  ;  20-6  ; 
53-42.  If  the  oils  have  been  filtered,  they  are  sold  as  "  Whale  Oil, 
filtered."    Even  a  "  Filtered  Whale  Oil  No.  4,"  occurs  in  commerce. 

In  the  refining  of  whale  oil  the  oil  is  first  subjected  to  a  "  demargar- 
inating  "  process  by  cooling  the  oil  and  separating  off  the  stearine  in 
centrifugal  machines.  The  Kquid  portion  is  then  sometimes  deodorised 
by  treatment  with  superheated  steam.  The  better  qualities  of  whale 
oil  are  bleached  by  means  of  fuller's  earth.  Some  whale  oils  can  be 
bleached  fairly  easily  by  means  of  chemicals,  but  each  individual 
sample  presents  a  separate  problem  and  experiments  must  be  made 
to  see  which  bleaching  agent  is  the  most  suitable. 

The  better  quahties,  i.e.  those  prepared  from  fresh  materials,  are 
used  for  cattle  feeding.  The  residue  after  the  removal  of  the  oil  finds 
a  ready  market  as  manure,  "  whale  guano."  ^ 

This  process  is  thoroughly  carried  out  in  Newfoundland  (at  Balena), 
where  the  Government  has  estabhshed  several  new  plants.  The 
carcases  of  the  whale  are  there  completely  used  up  in  the  manufacture 
of^oil,  "  stearine,"  bone  meal  or  bones,  and  other  articles  of  commerce. 

If  the  whale  is  landed  in  a  perfectly  fresh  state,  cattle  meal  can 
be  prepared  from  the  fresh  meat,  as  is  being  done  in  Iceland  and  in 
the  Faroe  Islands.  Some  fresh  meat  is  also  consumed  locally.  The 
greater  part  of  the  whales  caught  off  the  coast  of  Japan  and  Korea  are 
used  as  human  food,  little  oil  being  exported.  The  following  table 
gives  some  statistics  of  the  working  up  of  whales  in  Iceland  in  the 
years  1910  and  1911 


1910. 

1911. 

Quantity 
(1(10  kilos). 

Value. 
£ 

Quantity 
(100  kilos). 

Value. 
£ 

Whale  oil  . 
Wliale  bone,  cwts. 
Cattle  meal 
Guano 
Bones 

36,473 
954 

11,377 
8,683 
8,900 

62,846 
3,667 
8,229 
5,435 
3,531 

26,746 
1,021 
7,126 

10,842 
2,833 

38,278 
3,524 
4,940 
6,327 
1,132 

'  Osmundam  o,nd  Osmundse7i,  Norwegian  jintent  21,822  ;  German  patent  260,857. 
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The  production  of  oil  in  South  Georgia  in  1911  was  106,800  barrels. 

The  Shetland  whaUng  industry  is,  in  consequence  of  the  above- 
mentioned  Norwegian  law,  on  the  increase.  The  number  of  whales 
caught  dui-ing  the  season  1904  amounted  to  412. 

In  1905,  2364  whales  were  killed  near  Spitzbergen,  Iceland,  the 
Faroe,  Shetland,  and  Hebrides  Islands.  72,420  barrels  of  whale  oil 
are  stated  (!)  to  have  been  produced. 

The  total  production  of  whale  oil  amounts  at  present  to  3,000,000 
gallons  per  annum  ;  of  these  900,000  are  produced  by  the  Norway 
fisheries,  750,000  by  the  United  States  fisheries,  and  the  remainder  by 
Scotland,  Russia,  Newfoundland,  Japan,  and  other  countries. 

The  following  table  gives  some  characteristics  of  various  brands 
of  whale  oil.    The  numbers  are  due  to  Bull : — 




Spftciflc 
Gravity 
at  15°  C. 

Aciil 
Value. 

Sapouilic. 
Value. 

Iodine 
Value. 

Unsaponi- 
fiablo. 

Antarctic  right  whale  oil 



0"9257 

0-56 

183-1 

136-0 

1-46 

(America) 

Whale  oil  No.  1,  unrefined 

0-9181 

0-86 

188-6 

104-0 

2-36 

(Finmarken) 

Refined  (Glasgow) 
Arctic  whale  oil,  refined 

0-9214 

1-4 

184-7 

113-2 

2-33 

0-9234 

1-9 

185-0 

117-4 

2-11 

(America) 

Crude  white  whale  oil 

0-9222 

2-5 

183-9 

127-4 

1-37 

(America) 

Whale  oil  No.  2,  unrefined 

0-9182 

3-6 

188-3 

3-3 

(Finmarken) 

Yellow  whale  oil,  refined 

0-9232 

10-6 

185-9 

110-0 

1-89 

(Glasgow) 

Whale  oil    No.  3,  refined 

0-9162 

26-5 

185-7 

96-0 

2-42 

(Finmarken) 

Brown  whale   oil  refined 

0-9272 

37-2 

160-0 

125-3 

3-22 

(Glasgow) 

Whale  oil  No.  4,  unrefined 

0-9205 

58-1 

182-1 

89-0 

3-4 

(Finmarken) 

Dark    whale    oil,  refined 

0-9170 

98-5 

178-3 

103-1 

3-03 

(Glasgow) 

The  chemical  composition  of  the  whale  oil  fatty  acids  has  not  yet 
been  estabhshed  satisfactorily.  The  deposited  "  stearine  "  consists 
to  a  large  extent  of  palmitin.  The  iodine  value  of  a  sample  of  pressed 
cake  examined  in  the  author's  laboratory  was  37-9.  Stadler  ^  obtained 
from  a  whale  oil  of  the  iodine  value  89-5,  14-72  per  cent  of  ether  insoluble 
brominated  fatty  acids.  Volatile  fatty  acids  are  absent ;  the  high 
Reichert  values  recorded  by  earlier  observers  are  undoubtedly  due  to 
the  specimens  examined  having  been  highly  rancid. 

Hehner  and  Mitchell  obtained  from  a  specimen  of  whale  oil  25  per 
cent  of  a  brominated  glyceride,  to  which  they  ascribed  the  composition 
C3H5(Ci8H2902Br6)2(Ci8H3302Br2).  A  specimen  of  whale  oil  examined 
in  the  author's  laboratory  by  Walker  and  Warburton  gave  only  about 

1  Determined  in  the  author's  laboratory. 
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16  per  cent  of  a  highly  brominated  glyceride,  whilst  the  fatty  acids 
yielded  12-4  per  cent  of  an  ether  insoluble  brominated  acid,  which 
behaved  like  the  products  derived  from  other  marine  animal  oils,  in  that 
it  blackened  at  200°  C,  without  melting.  This  specimen  of  whale  oil 
was  a  somewhat  old  one  which  evidently  had  undergone  some  oxidation, 
for  more  recently  a  number  of  whale  oils  examined  in  my  laboratory 
gave  from  20-09  per  cent  to  22-59  per  cent  of  ether-insoluble  brominated 
acids.  Recently  Tsujimoto  found  in  a  freshly  prepared  whale  oil 
(from  RhacManectes  glauca)  27-81  per  cent  of  ether-insoluble  brominated 
fatty  acids.  The  fatty  acid  from  which  the  ether-insoluble  bromides 
were  derived  has  been  identified  by  Tsujimoto  as  clupanodonic  acid. 
The  27-81  per  cent  of  ether-insoluble  brominated  fatty  acids  would 
correspond  to  8-39  per  cent  of  clupanodonic  acid.  This  is  in  excellent 
agreement  with  the  amount  of  insoluble  bromides  found  recently  by 
the  author  for  a  freshly  filtered  whale  oil  of  best  quality,  namely,  27-77 
per  cent.  More  recently  still  amounts  of  insoluble  brominated  fatty 
acids  up  to  32  per  cent  have  been  found  by  the  author. 

Bull  isolated  from  a  number  of  whale  oils  some  highly  unsaturated 
fatty  acids,  having  iodine  values  ranging  from  251  to  315-6.  The 
readiness  with  which  low  class  whale  oils  become  oxidised  on  exposure 
to  the  air  may  explain  the  fact  that  Fahrion  found  from  0-39  to  1-44 
per  cent  of  oxidised  fatty  acids  in  some  specimens. 

The  amount  of  unsaponifiable  matter  also  varies  with  the  quality 
of  the  oil.  The  following  table  contains  the  amounts  of  unsaponifiable 
matter  determined  in  commercial  oils.  The  lower  the  quality  of  the 
oil,  the  larger  the  amount  of  unsaponifiable  matter  (and  the  lower 
consequently  the  saponification  value). 


Unsaponifiable  Matter  iit  Whale  Oils 


Description  of  Oil. 

Per  cent. 

Observer. 

Norwegian,  yellowish-red 
,,  yellowish-brown 
,,  brown 
Pale     .       .  . 
,,  refined  .... 
Sam  lilies  described  in  table, 
P-  458 

0-  65 

1-  26 
1-37 
1  -22 

0-92-3-72 
1-4-3-4 

Fahrion 

Thomson   and  Ballantyne 

Lewkowitscli 

Bull 

The  iodine  value  of  a  given  specimen  of  whale  oil  depends  on  the 
amount  of  "  stearine  "  left  in  the  oil ;  hence  the  great  variations  in 
the  numbers  recorded  in  the  tables  are  readily  explained. 

Whale  oil  is  not  infrequently  adulterated  with  rosin  oil,  the  detection 
of  which  is  simple.  More  difficult  is  the  detection  of  admixbd  seal  oil, 
on  account  of  the  great  similarity  of  the  two  oils  ;  at  present  this  is 
practically  impossible  by  chemical  means ;  taste  alone  permits  the 
recognition  of  seal  oil.. 
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The  "  water-wliite  "  and  "  pale  "  brands  of  whale  oil  are  used  as 
burning  oil  and  in  soap-making.  The  lower  qualities  are  employed 
for  leather-dressing. 

Whale  oil  is  also  largely  used  as  a  "  batching  oil "  for  jute,  for 
tempering  steel,  and  as  a  lubricant  for  screw  cutting  machines,  for 
soap-maldng,  and  adulterating  tallow.  As  early  as  1807  whale  oil  is 
said  to  have  been  used  as  a  sheep  dip. 

An  emulsion  of  whale  oil  with  tar  and  calcium  saccharate  is  used 
as  a  protective  agent  for  roofs,  walls,  etc.^ 

The  changes  which  whale  oil  undergoes  in  the  preparation  of  sod 
oil  will  be  described  in  Chap.  XVI.  The  change  which  takes  place  in 
whale  oil  on  blowing  with  air  at  100°  C.  may  be  gathered  from  the 
following  tables,  due  to  Procter  and  Holmes  ^ : — 


?Fhale  Oil 


Blown. 


Specific  Gravity. 


Refractive  Index. 


Iodine  Value. 


Hours. 


0 
4 
8 
12 
16 
20 
24 


0 
0 
0 
0 
0 
0 
0 


933 

■936 
937 
■948 
■949 
■950 
•950 


1 -471)2 
1-4765 
1-4766 
1-4767 
1-4770 
1-4773 
1-4773 


121-0 
112-0 
97-5 
89-0 
87-0 
87-0 
86-0 


1  Cp.  Iversen,  Danisli  pateut  8420,  1905. 

2  Journ.  Soc.  Chem.  Ind.,  1905,  1287. 
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Whale  Oil,  Filtered.^ 


No.  1. 

No.  2. 

No.  8. 

Blown. 

Refractive 
Index. 

DispBision. 

Refractive 
Index. 

Dispersion. 

Refractive 
Index. 

Hours. 

0 

1  4/4U 

4U  U 

^  *A1  AC\ 

da  a 

1  47o2 

39*9 

Q 
O 

1  4751 

4U  1 

1  tAh A  4 

1  4/44 

40-0 

1  -4740 

40 '0 

A 

i 

1  470ja 

A  A  •O 

1'4745 

40-3 

1  -4740 

40-0 

0 

1  4/0O 

4.U  Z 

14/4/ 

40-3 

1-4750 

40-2 

D 

1  4700 

A  A  •O' 

40  o 

1  4/4o 

40-4 

1*4755 

40-3 

7 

1'4760 

4(J  4 

T  mAh  T.r\ 

14/  O.U 

40-5 

1  4/57 

40-5 

o 
0 

1  476.4 

40  0 

T  'AH  V.  A 

1  4754 

40-5 

1-4759 

40-6 

9 

1  4/ DO 

40  0 

1  4/OD 

40  0 

1-4761 

40 '6 

lU 

1  4700 

40  0 

1  4750 

40-5 

1-4763 

40-6 

ii 

1  4/ DO 

40  / 

1  475/ 

40-6 

1-4768 

40-6 

1  o 

1  .  .4  '7*7  A 

1  47/0 

40  7 

T  -Ah 

1  47oo 

40 '6 

1-4770 

40-7 

1  o 

lo 

1  4770 

40*7 

1  -4760 

40-6 

1-4770 

40-7 

1  /I 

1-4771 

40-7 

1-4760 

40-6 

1-4771 

40-7 

1!) 

1  •477.S 

1-4761 

40-7 

40-7 

lo 

1-4773 

40-7 

1-4761 

40-7 

1-4773 

40-7 

17 

1-4773 

40-8 

1-4762 

40-7 

1-4773 

.  40-7 

18 

1-4774 

40-8 

1-4763 

40-7 

1-4774 

40-7 

19 

1-4779 

40-8 

1-4765 

40-8 

1-4776 

40-8 

20 

1-4780 

40-8 

1-4765 

40-8 

1-4776 

40-8 

21 

1-4780 

40-8 

1-4765 

40-8 

1-4776 

40-8 

22 

1-4752  (?) 

40-8 

1-4765 

40-8 

1-4777 

40-8 

2.3 

1-4782 

40-8 

1-4765 

40-8 

1-4777 

40-8 

24 

1-4782 

40-8 

1-4765 

40-8 

1-4777 

40-8 

TURTLE  OIL 

French — Huile  de  tortue.  German — Schildkrdtendl. 
Italian — Olio  di  tartaruga. 

For  tables  of  characteristics  see  p.  465. 

This  oil,  the  characteristics  of  which  are  described  by  ZdareJc  in 
the  following  tables,  is  the  body-fat  from  Thalassochelys  corticata,  Rond. 
The  oil  has  a  yeUow  colour. 

The  specimen  described  by  Sage  appears  to  have  been  obtained, 
according  to  private  information  given  to  the  author  (by  Mr.  Ulcoq, 
Chairman  of  the  Delegates  of  the  Colony  of  Mauritius  at  the  Franco- 
British  Exhibition,  1908),  from  turtle  belonging  to  the  family  Tesludo 

'  The  sa!nple.s  u.scfl  for  these  experiments  were  supplied  by  the  pre.sent  author  from 
bulk  lots  prepared  on  a  large  scale. 
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(Cliersidse).  The  specimen  of  oil  shown  at  the  Exhibition  was  of  a 
pale  yellow  colour,  and  had  a  slightly  fishy  taste. 

The  specimens  examined  had  the  acid  value  0-57  (ZdareJc)  and 
M  (Sage). 

This  oil  is  now  being  prepared  commercially  in  Mauritius. 

The  oil  from  the  Snapping  Turtle,  Trionyx  sinensis,  Wiegm,  is 
pale  yellow,  and  has  a  not  unpleasant  odour  ;  it  deposits  some  stearine 
on  standing.  The  following  characteristics  were  determined  by 
Tsujimoto  ■'■ : — 


Specific  gravity  at  15-5°  C.  .  .  .  0-9229 
Saponification  value         ....  195-65 

Iodine  value  121-09 

Acid  value    ......  0-45 

Refractive  index  at  20°  (Zeiss)    .         .         .  72-2 

1-4737 


The  fatty  acids  melted  at  32-8°  C.  and  yielded  only  3-53  per  cent  of 
insoluble  bromides.  These  bromides  gave  by  the  Garitis  method 
63-34  per  cent  of  bromine,  which  points  to  the  presence  of  linolenic  acid. 
This  needs  further  elucidation. 

1  Private  communication. 
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DUGONG  OIL,  MANATEE  OIL 

French. — Huile  du  diigong,  Huile  de  lamantin.    German — Bugongbl. 
Italian — Olio  di  vacca  marina. 

This  oil  is  obtained  from  the  blubber  of  the  sea-cow  (Halicore 
australis  and  Halicore  indicus),  a  herbivorous  mammal  living  near  the 
shores  of  the  Indian  Archipelago,  in  the  Persian  Gulf,  and  in  the  Red 
Sea.  In  the  Indian  Ocean  the  dugong  is  met  with  in  large  herds, 
the  animals  reaching  there  a  length  of  5-5  to  6  metres,  whereas  the 
dugong  occurring  near  Australia  only  reaches  a  length  of  3-6  to  4-25 
metres. 


Physical  and  Chemical  Characteristics  of  Dugong  Oil 


Si)eci(ic 
Gravity. 

Saponification 
Value. 

Iodine 
Value. 

Reichert  Value. 

Refractive  Index. 

Butyro-refractoraetcr. 

At  60°  F. 

Mgrms.  KOH. 

Per 
cent. 

CC.  norm. 
KOH. 

"  Degrees." 

Observer, 

0-9203 

197-5 

66-6 

2-5 

60-3  at  25°  C. 
52-0  at  40°  C. 

ManD  1 
Liverseege  ^ 

The  specimen  of  dugong  oil  examined  by  Mann  ^  is  stated  to  contain 
3-74  per  cent  of  unsaponifiable  matter,  and  2-39  per  cent  of  free  fatty 
acids  ;  that  examined  by  Liverseege  ^  had  the  acid  value  5  and  yielded 
0-9  per  cent  of  unsaponifiable  matter.  Its  optical  rotation  is  stated  to 
be -0-1°  in  a  200  mm.  tube.  The  refr-action  of  the  insoluble  fatty 
acids  in  the  butyro-refr-actometer  at  40°  0.  was  37-7  "  degrees."  The 
oil  is  said  to  have  a  high  medicinal  value,  but  its  comparative  scarcity 
precludes  its  use. 

The  dugong  oil  from  the  Indian  species  serves  the  same  pm-poses 
as  cod  oil  and  whale  oil.  The  oil  from  the  Australian  species  is  used  as 
a  burning  oU. 


DOLPHIN  OIL,  BLAOKFISH  OIL 

'Exench— Huile  de  dauphin.  Gevman—Delphintran. 
Italian — Olio  di  delfino. 

For  table  of  characteristics  see  p.  468. 

Dolphin  oil,  from  the  blubber  of  the  blackfish  (bottlenose  dolphin), 
Delphinus  globiceps,  Lam.,  forms  an  intermediate  link  between  whale  oil 
(consisting  nearly  wholly  of  glycerides)  and  sperm  oil  (a  true  wax). 

'  Journ.  Soc.  Chem.  Ind.,  1903,  1357.  ^  Analy.U,  1904,  211. 
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Hooper'^  examined  the  oil  fi'om  the  gangetic  dolphin,  Platanista 
gangetica  (local  name,  Susu  oil,  Sehu  oil),  and  determined  the  following 
characteristics  : — 


Oil— 


Specific  gravity  at  50°  C.          .         .         ,  , 

0-921 

Saponification  value  ..... 

.  198-8 

Iodine  value  ...... 

.  106-9 

Reichert-Meissl  value  ..... 

0-71 

Acid  value  .         .  .... 

.  21-36 

Fatty  Acids — 

Insoluble  fatty  acids  +  unsaponifiable,  per  cent 

.  94 

Melting  point  °  C.  ..... 

.  25-5 

Neutralisation  value  ..... 

.  205 

Iodine  value  ...... 

.  116-5 

No  spermaceti  could  be  detected. 

The  oil  obtained  from  the  blubber  is  kept  separate  from  that  obtained 
from  the  cavities  in  the  head  and  from  the  jaw  of  the  blackfish.  Dolphin 
body  oil  and  dolphin  jaw  oil  are,  therefore,  described  separately. 

Body  Oil. — The  yield  of  oil  from  the  blubber  of  a  dolphin  averages 
from  one-sixth  to  four  barrels  of  31-5  gallons  capacity. 

This  oil  is  of  a  pale  yellow  colour.  On  standing  it  deposits  sper- 
maceti (cetyl  palmitate)  [Chevreul].  Bull  ^  found  amongst  the  liquid 
fatty  acids  14-3  per  cent  of  an  acid  having  the  iodine  value  285-5,  and 
the  neutrahsation  value  313-2.  The  oil  is  remarkable  on  account  of 
the  notable  amount  of  glycerides  of  volatile  fatty  acids  it  contains,  a 
characteristic  which  it  shares  with  porpoise  oil.  Hence  the  amount  of 
insoluble  fatty  acids  +  unsaponifiable  is  only  93-07  per  cent  (Moore). 

Bull  isolated  from  a  specimen  of  body  oil  2-01  per  cent  of  unsaponi- 
fiable matter. 

Jaw  Oil  "Melon  oil."  3— The  proportion  of  glycerides  of  volatile 
acids  in  the  jaw  oil,  i.e.  the  oil  from  the  soft  blubber  contained  in  the 
head  and  jaw  of  the  blackfish,  is  larger  than  in  the  body  oil. 

The  jaw  oil  (as  also  porpoise  jaw  oil  and  brown  fish  oil),  is  dis- 
tinguished from  all  other  vegetable  and  animal  oils  by  the  extra- 
ordinarily high  amount  of  volatile  acids  it  contains.  Hence  the 
proportion  of  insoluble  fatty  acids  ( +  imsaponifiable  matter)  is  only 
66-28  per  cent  {Moore). 

The  jaw  oil  'has  a  straw-yellow  colour  and  a  not  unpleasant  smell. 
It  is  used  for  lubricating  fine  machinery,  such  as  watches  and  type- 
writing machines. 

'  Annual  Report,  Indian  Museum,  1908-1911. 

Chem.  Zeil.,  1899,  1044. 
•'  Cp.  Archbutt  and  Uceluy,  Lubrication  and  Lubricants,  p.  11.5. 
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Tsujimoto  ^  examined  the  oil  fi'om  Delphinus  longirostris  Gray 
(Japanese  name,  Mairuka).    He  differentiates  tlie  oil  into  three  kinds: — 

I.  Head  oil,  a  light  yellow  liquid  yielding  only  a  small  quantity 

of  ether  insoluble  bromides. 
II.  Body  oil  obtained  by  boiling,  and  body  oil  obtained  by  roasting, 
both  of  which  yield  considerable  quantities  of  ether  insoluble 
bromides. 

111.  Refined  head  oil  obtained  by  cooling  a  crude  oil  to -12°  and 
removing  the  stearine. 

He  gives  the  following  table  of  characteristics  : — 


Oil  from  Body. 

Oil  from 

Refined 

Head. 

Boiling 

Roasting 

Head  Oil. 

Process. 

Process. 

0-9249 

0-9286 

0-9307 

0-9259 

Saponification  value  .... 

279-78 

217-22 

230-35 

277-70 

24-48 

125-25 

114-35 

25-67 

Reichert-Meissl  value 

112-31 

30-40 

44-39 

Refractive  index  at  20° 

1-4524 

1-4717 

1-4695 

1-4517 

Butyro-refractometer  .... 

40-0 

69-0 

65-5 

39-0 

2-30 

11-90 

3-97 

0-26 

Octobromides  of  fatty  acids,  per  cent 

24-75 

The  octobromides  contain  71-52  per  cent  of  bromine  which  seems 
to  show  that  there  is  present,  in  addition  to  clupanodonic  acid,  an  acid 
of  the  formula  CigH2402- 


PORPOISE  OIL 

French — Huile  de  marsouin.     German — Meerschveintran, 
Schweinfischtran.  Italian — Olio  di  porco  marino. 

For  table  of  characteristics  see  p.  470. 

Porpoise  oil  is  obtained  from  the  brown  porpoise,  Delphinus  phocmia, 
L.  In  the  case  of  porpoise  oil  also,  we  differentiate  between  body  oil 
and  jaw  oil. 

Body  Oil. — The  body  oil  was  examined  first  by  Chevreul,  who  dis- 
covered in  it  "  valeric  "  acid,  named  by  him  "  acide  phoceniquo."  On 
account  of  its  somewhat  high  proportion  of  unsaponifiable  mattei',  this 
oil  appears  to  form  an  intermediate  link  between  the  blubber  oils  and 
the  liquid  waxes. 


I  Chem.  Revue,  1913,  72. 
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The  amount  of  volatile  fatty  acids  is  somewhat  high.  No  further 
extended  inquiry  has  been  made  into  the  composition  of  the  oil  (especi- 
ally into  that  of  the  volatile  fatty  acids)  since  GhevreuVs  investigation. 
As  the  oil  can  now  be  obtained  easily  in  commerce  a  renewed  examina- 
tion is  desirable.  No  doubt  the  amount  of  insoluble  fatty  acids  will  be 
found  comparatively  low.  The  body  oil  is  pale  yellow  and  resembles 
the  dolphin  body  oil.  It  is  stated  to  consist  of  the  glycerides  of 
"  valeric,"  palmitic,  stearic,  and  oleic  (and  physetoleic  ?)  acids. 

Thomson  and  Dunlop  found  a  specimen  of  porpoise  body  oil  to  be 
dextro-rotatory,  [a]j= -l-0-76°  (whereas  all  the  liver  oils  are  laevo- 
rotatory).  This  specimen  gave  a  violet  colour  in  the  sulphuric  acid 
test  described  above  as  a  characteristic  test  for  liver  oils  (p.  442).  It 
is  important  to  note  this,  as  on  the  strength  of  this  colour  test  alone 
such  porpoise  oil  might  be  declared  as  adulterated  with  liver  oil.  A 
specimen  of  body  oil  examined  by  Bull  contained  3-7  per  cent  of  un- 
saponifiable  matter.  Bull  isolated  from  a  body  oil  19-48  per  cent  of 
fatty  acids  having  the  iodine  value  322-5  and  the  neutrahsation  value 
191-4. 

Jaw  Oil. — The  jaw  oil  simulates  the  corresponding  dolphin  oil  in 
its  composition. 

The  jaw  oil  is  easily  soluble  in  alcohol  at  70°  C.  ;  it  is  therefore 
possible  to  extract  it  from  a  mixture  of  the  body  and  jaw  oils.  The 
amount  of  insoluble  fatty  acids  varies  from  61-41  and  72-05  per  cent  in 
skimmed  and  strained  jaw  oil,  to  96-5  per  cent  in  unskimmed  and 
unstrained  jaw  oil  (Moore). 

In  a  specimen  of  porpoise  jaw  oil  Bull  foimd  16-4  per  cent  of  un- 
saponifiable  matter,  and  21-13  per  cent  of  fatty  acids  having  the  iodine 
value  31-3  and  the  neutralisation  value  367-8.  This  points  to  large 
proportions  of  "  (iso)valeric  "  acid. 

The  oil  is  used,  like  dolphin  oil,  for  lubricating  purposes. 


BROWN  FISH  OIL 

French — Huile  cle  marsouin  hrun.    German — Braunfischdl. 
Italian — Olio  di  pesce  porco. 

For  tables  of  characteristics  see  p.  472. 

This  oil  is  obtained  from  the  brown  fish,  Phoccena  communis,  belong- 
ing to  the  Ddphinidai.  The  characteristics  given  in  the  table  refer  to 
the  hody  oil.  The  oil  has  a  pale  yellow  colour,  and  possesses  a  not 
unpleasant  smell.  Like  porpoise  oil  it  is  distinguished  by  a  high 
proportion  of  volatile  fatty  acids.  Hence  it  yields  only  85-5  per  cent 
of  insoluble  fatty  acids  +  unsaponifiable.  The  acid  value  of  the  specimen 
examined  was  1-2.^ 

'  Sclineider  iuiil  Uliinienfeld,  Cliem.  Zeil.,  1906,  .53. 


GLYGERIDES  MARINE  ANIMAL  OILS 


Physical  and  Chemical  Characteristics  of  Brown  Fish  Oil 


Specific  Gravity 
at  \5°  C. 

Saponification  Value. 
Mgrms.  KOH. 

Iodine  Value. 
Per  cent. 

Reichert-Meissl 
Value. 

Refractive  Index. 

Butyro-refracto- 
mcter. 

0-9334 

224-8 

• 

111-2 

42-1 

"C. 

"  Degrees." 

25 

* 

62-7 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+Unsaponiflable. 
Per  cent. 

Specific  Gravity 
at  15°  C. 

Solidifying 
Point. 
°G. 

Neutralisation 

Value. 
Mgnus.  KOH. 

Iodine  Value. 
Per  cent. 

Acetyl  Value. 
Mgrms.  KOH 

85-5 

0-9121 

18 

207 

126 

4-55 

The  oils  from  marine  animals  described  above  vrere  closely  ex- 
amined, on  account  of  the  commercial  importance  they  possess.  The 
chemistry  of  fish  oils  from  fresh-v?ater  fish — with  the  exception  of  carp 
oil  (p.  423) — has  not  yet  been  investigated  ;  no  doubt  because  these 
oils  have  only  scientific  interest.  In  view  of  the  fact  that  the  iodine 
value  of  carp  oil  is  much  lower  than  that  of  the  marine  fish  oUs,  it 
would  appear  interesting  to  examine  a  larger  number  of  oils  prepared 
from  fresh-water  fish.  The  fresh-water  eel,  containing  about  30  per 
cent  of  oU  (calculated  to  dry  substance)  would  seem  to  be  a  suitable 
subject  for  investigation.  Possibly  a  difference  might  be  established 
between  oils  from  marine  fish  and  oils  from  fresh-water  fish  with  respect 
to  their  iodine  value,  although  the  differences  in  the  seal  oils  from 
Phoca  vitulina  and  Phocafcetida  var.  siamensis  (cp.  p.  449)  do  not  seem 
to  favour  the  conjecture,  that  the  oils  from  sweet- water  fish  may  be 
generally  found  to  exhibit  lower  iodine  values  than  the  marine  animal 
oils.  Konig,  Thienemann  and  Limprich,^  could  not  detect  phytosterol 
in  the  body  fat  of  carp  fed  on  sesame  cake  and  arachis  cake. 


Zeits.  f.  Unters.  d.  Nah/rgs-  u.  Oenussm.,  1912  (23),  177. 
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(2)  Terrestrial  Animal  Oils 

Hitherto  only  four  oils,  viz.  sheep's  foot,  horse's  foot,  neat's  foot 
oil,  and  egg  oil  had  been  described  under  this  head,  and  no  differentia- 
tion was  made  on  account  of  their  origin  from  quadrupeds  and  birds 
respectively,  as  egg  oil  seems  to  resemble  the  first-named  three  oils  in 
many  respects,  such  as  low  iodine  value  and  elaidin  test. 

Oils  fi'om  other  classes  of  terrestrial  animals  did  not  offer  sufficient 
practical  interest  to  induce  an  examination.  Within  the  last  decade, 
however,  the  chrysalids,  which  form  a  by-product  of  the  silk  industry, 
have  been  treated  on  a  commercial  scale  to  recover  the  oil  contained 
in  them.  The  examination  of  this  oil,  carried  out  by  the  author, 
showed  that,  judged  by  the  iodine  value  alone,  it  would  have  to  be 
classed  amongst  semi-drying  oils.  A  further  support  is  found  in  that 
this  oil  yields  a  soft  buttery  elaidin. 

Although  it  may  be  somewhat  premature  to  subdivide  the  terres- 
trial animal  oils  according  to  their  origin  into  (1)  oils  from  insects,  (2) 
oils  from  birds,  (3)  oils  from  quadrupeds,  this  order  may  be  suitably 
adopted  in  the  following  enumeration  of  these  oils. 


CHRYSALIS  OIL  ^ 

French — Huile  de  chrysalide.  German- — Chrysalidenol. 
Italian — Olio  di  crisalide. 

This  oil  is  obtained  by  extracting  the  chrysalids  (pupae)  of  silk- 
worms {Bomhyx  mori)  by  means  of  solvents.  A  sample  extracted  in 
the  author's  laboratory  with  ether  from  a  batch  of  chrysalids  (which 
had  also  been  extracted  on  a  manufacturing  scale)  yielded  27-2  per  cent 
of  a  clear,  dark  yellow  oil,  from  which,  considerable  quantities  of  crystal- 
line warts  separated.    The  oil  had  the  following  characteristics  : — 

Saponification  value      .         .         .  194-0 
Iodine  value       ....  117-8 
Unsaponifiablo     .         .         .         .4-86  per  cent 
Acid  value         .         .         .  .62-8 

The  annual  production  of  chrysalids  in  Italy  during  the  period 
1899-1908  was  about  16,000,000  kgs. 

The  crude  oil  prepared  on  a  large  scale  from  the  same  chrysalids 
had  a  dark  brown  colour,  and  a  distinct  smell  resembling  that  of  fish 
oil.  By  filtering  over  Florida  earth  the  oil  became  much  clearer.^ 
On  standing,  solid  particles  separated  as  amorphous  flocks,  no  doubt 
due  to  traces  of  solvent  still  adhering  to  the  commercial  oil.  The 
commercial  oil  had  the  following  characteristics  : — 

'  Lcwkowitsch,  Zcits.  f.  Unlers.  d.  Nahrga-  u.  G'e7Mm?H.,  1006,  xii.  BHO  ;  1907, 
xiii.  552. 

^  Cp.  C.  Scerno,  Italian  patent  385/190/125,423. 
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Specific  gravity  at  40°  C.  (water  at  40°=  1)  .         .  0-9105 

Solidifying  point  ......  10°-7°  C 

Saponification  value       .         .         .         .         .  190'0 

Iodine  value       ......  116-3 

Unsaponifiable    ......       2-61  per  cent 

Acid  value  ......  27-51 

Mean  molecular  weight  of  the  insoluble  fatty  acids  281-7 

Solidifying  point  of  the  insoluble  fatty  acids  .  34-5°  C. 


The  considerably  lower  acid  value  of  the  commercial  oil  is  due  to 
the  oil  in  the  chrysalids  extracted  by  the  author  having  undergone 
pronounced  hydrolysis  (see  Vol.  I.  Chap.  I.). 

In  the  elaidin  test  the  oil  yields  a  soft  buttery  mass. 

This  oil  being  the  first  obtained  from  insects,^  it  became  important 
to  ascertain  whether  the  unsaponifiable  matter  contained  cholesterol 
like  all  the  oils  and  fats  of  animal  origin. 

A  considerable  quantity  of  the  unsaponifiable  matter  was  treated 
with  acetic  anhydride,  whereby  84-67  per  cent  of  the  unsaponifiable 
matter  (corresponding  to  2-21  per  cent  of  the  chrysalis  oil)  was  dis- 
solved, whereas  15-33  per  cent  (corresponding  to  0-40  per  cent  of  the 
chrysalis  oil)  remained  undissolved.  This  last  substance  melted 
between  54°  and  62°  C,  and  is  undoubtedly  a  hydrocarbon. 

The  substance  dissolved  in  acetic  anhydride  was  recrystallised  five 
times  from  alcohol,  and  finally  yielded  in  the  fifth  crystallisation  crystals 
of  the  melting  point  114°  C. 

The  details  are  the  following  : — 

Melting  point  of  the  2nd  crystallisation  .         .  107-5-113°  C. 

„    3rd    110-113°  C. 

„    4th  „         .         .         .  112-113-5°  C. 

„    5th  „         .         .         .  114°  C. 

Hence  the  unsaponifiable  matter  contains  cholesterol. 

Menozzi  and  Moreschi,^  who  found  "  about  10  per  cent  "  ^  of  un- 
saponifiable matter,  isolated  from  this  by  extraction  with  70  per  cent 
alcohol  *  a  higher  alcohol,  melting  after  repeated  crystallisation  at 
148°  C,  which  they  consider  differs  from  the  ordinary  cholesterol 
Vol.  I.  Chap.  III.)  and  has  been  named  "  bombicesterol."  The  acetate 
of  this  alcohol  melted  in  the  impure  state  at  112-114°  C.  ;  after  one 
crystallisation  the  melting  point  rose  to  above  120°  C,  and  after 
repeated  crystallisations  to  129°  C.  On  applying  Windaus'  method  ^ 
a  small  quantity  of  an  acetate  melting  at  114°  C,  and  a  larger  quantity 

1  It  may,  however,  be  mentioned  that  R.  Dubois  stated  {Oil,  Paint,  and  Drug 
Reporter,  1903,  24)  that  he  had  prepared  oil  from  tlie  eggs  of  locusts. 

Rendicvnti  della  R.  Aixad.  dei  Lined,  1908,  95. 
3  In  a  later  publication  {Rendiconti  delta  R.  Accad.  dei  Lincei,  1910,  126)  it  is 
admitted  that  this  number  is  much  too  high,  for  on  saponifying  again  Menozzi  and 
Moreschi  obtained  only  "about  "  2-5  per  cent,  wliicli  is  in  satisfactory  agreejnent  with  the 
figure  found  by  Lewkowitsch. 

In  the  case  of  the  unsaponifiable  matter  from  caiithariden  fat,  which  represents  a 
waxy  matter,  this  process  did  not  lead  to  a  satisfactory  separation  of  the  cholesterol  from 
the  concomitant  substances. 

Berichle,  1906,  518.    Cp.  Lewkowitsch,  Jahrbuch  d.  Chem.  1906,  xvi.  406. 
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of  an  acetate  melting  at  129°  C.  were  obtained.  On  passing  a  pure 
acetate  of  the  melting  point  129°  C.  through  Windaus'  process,  the 
melting  point  was  unchanged. 

Menozzi  and  Moreschi  further  isolated  from  the  unsaponifiable 
matter  two  hydrocarbons,  one  melting  at  62-5°  C,  optically  inactive, 
and  having  the  composition  CagHgg,  and  a  second  one,  which  also 
appears  to  belong  to  the  saturated  series,  melting  at  41°-42°  C. 

Duhovitz  ^  found  the  iodine  value  of  an  Italian  chrysalis  oil  111-5, 
and  that  of  an  oil  obtained  from  the  chrysaUds  from  an  Hungarian 
silk  works  138-7.  The  statement  made  by  Duhovitz  that  the  oil  contains 
a  considerable  amount  of  hydroxylated  acids  (determined  by  the 
faulty  method  of  Benedikt  and  Ulzer)  requires  confirmation. 

Tsujimoto  2  states  that  chrysalis  oil  is  being  prepared  in  Japan  by 
steaming  the  powdered  dry  chrysalids  and  expressing  the  mass  in  a 
screw  or  wedge  press.    A  specimen  of  pupw  was  found  to  contain 

Oil  .         .         .26-6  per  cent 

Ash  .  .  .  3-77  „ 
Water     .         .         .      5-48  „ 

* 

By  extracting  with  petroleum  ether  boiling  below  80°  C,  an  oil 
was  obtained  having  the  following  characteristics  : — 


Oilr- 

Specific  gravity  at  15-5°  C.   .         ...         .         .  0-9280 

Saponification  value   ......  194-12 

Iodine  value  131-96 
Keichert-Meissl  value  .         .         .         .         .         .  3-38 

Unsaponifiable  matter  .         .         .         .         .  1-63 

Trae  acetyl  value  (Lewkowitsch)    ....  19-72 

Refractive  index  at  20°  C.    .         .         .         .         .  1-4757 

Fatly  Acids — 

Insoluble  fatty  acids + unsaponifiable  .  .  .  94-5  per  cent 
Specific  gravity  100°  C.  (water  at  15-5  =  1)         .         .  0-8513 

Melting  point   36-5°  C. 

Solidifying  point   77-78°  C. 

Neutralisation  value  ......  199-34 

Mean  molecular  weight        .         .         .         .  ,      .  281-43 

Iodine  value    .......  135-83 


The  oil  had  the  acid  value  18-68.  The  fatty  acids  were  resolved 
by  the  lead-salt-ether  method  into  75  per  cent  unsaturated  fatty  acids 
(of  the  iodine  value  178-73)  and  25  per  cent  (by  difference)  of  saturated 
fatty  acids  (of  the  melting  point  57°  C).  Amongst  the  saturated 
fatty  acids  palmitic  acid  was  identified  ;  stearic  acid  is  probably  not 
present. 

1  Seifensieder  ZeAt.,  1908,  1281. 
Journ.  College  of  Eng.  Toh/o  hup.  Univ.,  1908,  vol.  iv.  No.  3.  This  nutlior 
riifers  in  a  footnote  to  three  papers  pii1)lished  in  1905  {in  .1  apanese) :  "Chrysalis  Oil 
Manufacture  in  the  Nagano  and  Gunnia  Prefectures,"  Reporl  of  /nduslr.  Jix^icr. 
'Station,  Tokyo,  vol.  ii.  1905,  473  ;  "On  Chrysalis  Oil,"  liy  K.  Zasslii  ;  and  "On  the 
Fatty  Acids  of  Chrysalis  Oil,"  hy  K.  Zasshi. 
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The  unsaturated  fatty  acids  consist  of  oleic,  linolenic,  and  isolino- 
lenic  acids.  The  amount  of  ether-insoluble  bromides — melting  at 
178°  C. — was  11-94  per  cent,  corresponding  to  4-38  per  cent  of  linolenic 
acid  (including  isolinolenic  acid). 

The  unsaponifiable  matter  after  recrystallisation  from  90  per  cent 
alcohol  yielded  crystals,  melting  at  138-5°  C.  ;  after  repeated  purifi- 
cation they  melted  at  143-5°  C.  Their  crystalline  form  is  stated  to 
closely  resemble  that  of  phytosterol.  The  acetate  obtained  from  this 
alcohol  by  Bomer's  method  melted  at  125-5°  C.  Prom  a  second  sample 
of  chrysalis  oil  Tsujimoto  obtained  an  alcohol,  melting  at  137-139°  C, 
the  acetate  of  which  melts  at  125°  C.  Tsujimoto  concludes  therefrom 
that  the  alcohol  in  chrysalis  oil  is  phytosterol. 

The  melting  points  foimd  by  Lewkowitsch  in  five  crystallisations 
(see  above)  would  seem  to  exclude  the  possibility  of  a  small  amount 
of  hydrocarbon  having  been  persistently  retained  by  the  acetate  (cp. 
tables  "  Melting  Points  of  Cholesteryl  Acetate  with  Paraffin  Wax  " 
under  "  Lard  ").  The  fact  that  Menozzi  and  Moreschi,  after  separating 
ofi  the  hydrocarbons  carefully  and  applying  Windaus'  method  of 
separation,  did  obtain  an  acetate  melting  at  114°  C.  in  addition  to 
bombicesterol  would  seem  to  prove  that  what  Tsujimoto  regarded  as 
"  phytosterol  "  was  in  truth  a  mixture  of  cholesterol  and  bombicesterol. 
Indeed  in  a  later  publication  Menozzi  and  Moreschi  ^  admit  that  the 
unsaponifiable  matter  contains  ordinary  (bile)  cholesterol. 

Since  this  oil  can  be  obtained  without  difficulty,  it  is  destined  to 
find  an  outlet  in  the  soap  industry  in  considerable  quantities. 

Tsujimoto  ^  refines  crude  chrysalis  oil  by  shaking  it  with  5  to  10  per 
cent  of  50  per  cent  sulphuric  acid  at  100°  0.  ;  subsequently  washing 
and  treating  with  Kambara  earth  at  130°  C.  By  these  means  the 
unpleasant  smell  is  removed. 

Tsujimoto  states  that  chrysalis  oil  is  as  suitable  for  hardening  as 
blubber  oils,  as  he  has  obtained  from  it  soHd  fats  melting  at  56°  C.  and 
having  the  iodine  value  of  35  to  45. 

Doree  ^  extracted  the  entire  silk-worms  and  obtained  crystals  which 
"  answered  the  description  given  by  Menozzi  and  Moreschi  for  bombi- 
cesterol," but  no  definite  statement  can  be  made. 


CANTHARIDEN  OIL* 

Canthariden  oil  (from  Lytta  vesicaria)  is  obtained  as  a  by-product 
in  the  manufactm-e  of  canthariden.  The  oil  contains  about  9  per  cent 
of  unsaponifiable  matter  (of  a  waxy  consistence)  from  which  pure 
cholesterol  could  be  separated. 

1  Rendiconti  delta  R.  Accad.  dei  Lincei,  1910,  126. 

2  Journ.  Chevi.  Ind.,  Tokyo,  1914,  191. 

3  Biochem.  Xeil.i.,  1909  (4),  84. 

*  Welsch,  fnaiig.  Dissert,  Oirenbacli  a/M.,  1909. 
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EGG  OIL 

French — Huile  de  jaune  d'ceuf.    German — Eierdl. 
Italian — Olio  di  novo. 

For  table  of  characteristics  see  p.  478. 

Egg  oil  is  prepared  commercially  from  the  yolk  of  hard-boiled 
hens'  eggs  either  by  pressure  or  by  solvents.  Another  process  consists 
in  separating  the  yolk  of  fresh  eggs  from  the  white,  and  heating  the 
yolk  until  the  bulk  of  the  water  has  evaporated  off.  The  dried  mass 
is  then  placed  in  bags  and  expressed  between  hot  plates.  The  expressed 
oil  is  then  filtered.  Paladino  and  Toso  ^  obtained,  by  expressing  boiled 
eggs,  25  to  35  per  cent  of  oil ;  Kitt,^  by  using  ether  as  a  solvent,  19 
per  cent  only.  The  ethereal  extracts  contain,  besides  egg  oil,  other 
substances,  notably  lecithin  ;  hence  the  extracted  fat  is  more  readily 
soluble  in  alcohol  than  it  would  appear  to  be,  judging  from  its  com- 
position in  the  absence  of  lecithin.  Barbieri^  expresses  an  opinion 
that  no  lecithin  occurs  in  egg  yolk. 

The  expressed  oil  has  a  yellow  colour.  The  extracted  oil,  fi-eed  by 
filtration  from  other  ether-soluble  substances,  was  semi-solid  and  had 
an  orange-yellow  colour.  The  specimen  examined  by  Kitt  contained 
0-2  per  cent  of  lecithin,  and  1-5  per  cent  of  cholesterol ;  its  acid  value 
was  1-2.  Gappenberg  states  that  egg  oil  contains  on  an  average  3 
per  cent  cholesterol,  without  adducing  any  experimental  proof. 

Egg  oil  gives  the  elaidin  reaction.  The  acetyl  value  11-9  recorded 
by  Kitt  does  not  necessarily  point  to  the  presence  of  hydroxylated 
fatty  acids,  since  even  if  the  number  itself  were  not  open  to  doubt  on 
account  of  a  faulty  method  having  been  applied  (cp.  Vol.  I.  Chap.  VI.), 
the  high  amount  of  cholesterol  in  the  oil  conditions  a  notable  acetyl 
value. 

According  to  Paladino  *  egg  oil  contains  oleic,  palmitic,  and  stearic 
acids.  He  also  states  that  formic  acid  is  present ;  this  would,  however, 
seem  to  require  confirmation. 

>  Analyst,  1896,  161.  ^  Zeit.,  1897,  303. 

•''  VI r.  International  Congress,  Sect.  IV.  A.  2,  62  ;  Compt.  rend.,  1910,  405. 
Jiiochem.  Zeits.,  1909,  356. 
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In  the  commercial  determination  of  the  fatty  oil  in  the  yolk,  the 
choice  of  the  solvent  is  by  no  means  immaterial.  Jean^  has  shown 
that  by  extracting  one  and  the  same  specimen  of  dried  yolk  with  the 
following  solvents  :  petroleum  ether,  ether,  carbon  bisulphide,  carbon 
tetrachloride,  and  chloroform,  the  following  respective  proportions  of 
oil  were  obtained  : — 48-24  per  cent,  50-83  per  cent,  50-45  per  cent, 
50-30  per  cent,  and  57-66  per  cent.  Another  specimen  of  yolk  was 
extracted  successively  with  the  three  solvents ;  petroleum  ether 
extracted  27-3  per  cent  of  oil ;  the  extraction  with  ether  then  yielded 
1-05  per  cent ;  the  subsequent  extraction  with  chloroform  furnished 
an  additional  1-37  per  cent.  Vignon  and  Meunieur^  recommend 
chloroform  as  best  suited  for  the  extraction  of  egg  oil,  and  published 
the  following  results  : — 


Oil. 
Per  cent. 

Iodine  Value 
of  Oil. 

Unsaponiflable 
M  atter. 
Per  cent. 

Phosphorus 
calculated 
to  Phosphoric 
Acid  (PO4H3). 
Per  cent.  , 

Hen's  egg  . 

32-7 

52 

0-2 

2-33 

Duck's  egg 

38-9 

37-4 

2-7 

1-91 

The  saponification  value  of  egg  oil  extracted  from  hens'  eggs  Avith 
petroleum  ether  was  188,  and  the  refractive  index  at  20-2°  C.  1-4655. 

Serono  and  Palazzi  extracted  the  egg  yolk  with  alcohol,  and  separated 
the  extract  into  two  fractions  by  means  of  acetone.  The  portion 
soluble  in  acetone  contained  a  lecithin  in  which  were  found  oleic  and 
palmitic  acids.  Smaller  quantities  of  phosphorus  compoimd  containing 
a  higher  fatty  acid  were  found.  The  portion  soluble  in  acetone 
crystalHsed  from  the  solvent  in  thin  flat  blue  fluorescent  needles,  which 
on  exposure  to  light  and  air  darkened  to  red  brown  ;  on  cooling  these 
crystals  cholesterol  separated  out.  By  extraction  with  ether  these 
authors  obtained  a  clear  yellow  light  substance  liquid  above  15°,  and 
having  the  specific  gravity  at  15°  0-9115-0-9527,  the  saponification 
value  198-8,  iodine  value  82-3,  acetyl  value  3-82.  The  fatty  acids 
melted  at  36-38°  C. 

Egg  oil  finds  commercial  application  in  the  leather  industries  for 
"tawing."  As  regards  its  employment  in  tempera  painting,  cp. 
German  patent  187,211  {Lupus). 


The  terrestrial  animal  oils  from  quadrupeds  are  characterised  by 
low  iodine  values,  lower  than  those  of  the  non-drying  vegetable  oils, 
and  by  low  thermal  reactions.  They  yield  solid  elaidins  with  nitrous 
acid ;  chemically,  they  are  readily  differentiated  from  vegetable  oils 
by  means  of  the  phytosteryl  acetate  test. 

^  Zeits.  f,  (Inters,  d.  Nahrys-  u.  (lenussm.,  1904,  232. 
2  Colleyiiim,  1904,  128,  129. 
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CHAP. 


In  addition  to  the  oils  obtained  from  the  feet  of  sheep,  horses,  and 
of  neat,  the  hquid  fats  obtained  from  lard,  horse  fat,  bone  fat,  and 
tallow  by  pressing  would  fall  under  this  head.  The  last-named  oils 
are,  however,  more  suitably  described  in  connection  with  the  raw 
material  from  which  they  are  derived. 


sheep's  foot  oil 

French— ^^^i^7e  de  pieds  de  mouton.  German — Hammelklauenol, 
Schafpfotenol.    Italian — Olio  di  piede  di  montone. 

For  table  of  characteristics  see  p.  481. 

This  oil  is  obtained  from  sheep's  trotters  in  the  manner  described 
under  "  Neat's  foot  oil  "  (see  p.  484).  The  sample  examined  by  the 
author  (see  table)  was  prepared  in  the  laboratory. 

Sheep's  foot  oil  much  resembles  neat's  foot  oil,  and  is,  as  a  rule, 
sold  as  such.  This  oil  has  been  adopted  by  Amagat  and  Jean  as  the 
standard  [huile  type)  for  their  oleo-refractometer. 
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hoese's  foot  oil 

French — Huile  de  pieds  de  cheval.    German — Pferdefussol. 
Italian — Olio  di  piede  di  cavallo. 

For  tables  of  characteristics  see  p.  483. 

This  oil  is  obtained  from  horses'  feet  by  boiling  them  with  water. 

It  is  not  met  with  in  commerce  under  its  true  name,  and  what  is 
described  as  horse  oil  is  more  or  less  the  liquid  portion  of  horse  fat. 
The  horses'  feet  are  usually  boiled  out  together  with  neats'  feet  and 
sheeps'  feet,  and  the  resulting  oil  is  indiscriminately  sold  as  neat's  foot 
oil,  or  at  least  as  "  animal  "  oil. 

The  specimen  rendered  in  the  author's  laboratory  contained,  even 
after  filtering,  certain  impurities,  so  that  the  oil  gave  several  colour 
reactions  which  were  previously  considered  as  characteristic  of  marine 
animal  oils  (cp.  p.  406).  The  oil  had  a  high  acetyl  value,  viz.  9-1-10-3, 
due  to  changes  caused  by  contact  with  organic  impmities. 
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neat's  foot  oil 

French — Huile  de  pieds  de  boBuf.    German — Ochsenhlauenol, 
Binder  Manendi.    Italian — Olio  di  piede  di  hove. 

For  tables  of  cliaracteristics  see  pp.  487,  488. 

Neat's  foot  oil  {Oleum  hubulum  of  the  British  PharmacopcEia)  is 
obtained  from  the  feet  of  cattle  by  boiling  with  water.  In  this  country 
the  preparation  of  neat's  foot  oil  is  chiefly  carried  out  in  small  estab- 
Ushments,  in  which  the  by-products  and  waste  material  of  the  slaughter- 
houses are  worked  up  ("  tripe  shops  ").  The  feet  are  carefully  scraped 
and  washed,  the  hoofs  are  cut  off,  and  after  the  hair  has  been  removed 
they  are  boiled  with  water  in  jacketed  pans  heated  by  steam,  the 
water  being  kept  simmering  for  eight  to  ten  hours.  The  oil  rises  to  the 
top,  and  is  skimmed  off  fi'om  time  to  time  by  means  of  suitable  skimmers. 
The  oil  is  then  allowed  to  settle  in  a  warm  place,  salt  being  sprinkled 
on  the  top  to  facilitate  the  separation  of  the  water.  Finally,  the  oil 
is  washed  with  water,  in  order  to  remove  any  gluey  substances,  and 
filtered.  On  cooling  some  "  stearine  "  is  deposited.  In  the  production 
of  the  best  kind  of  neat's  foot  oil  having  a  low  cold  test,  the  clear  oil  is 
decanted  off  the  "  stearine."  Such  decanted  oil  has  a  cold  test  of 
about  25°  to  28°  F.  The  oil  prepared  in  an  establishment  standing 
imder  the  author's  supervision  was  obtained  in  this  manner. 

On  a  large  scale  neat's  foot  oil  is  obtained  as  a  by-product  in  the 
centres  of  the  meat  packing  trade,  such  as  in  the  Chicago  stock  yards 
and  in  the  South  American  establishments.  There  the  feet  are  taken 
in  their  fresh  state  from  the  slaughter-houses  ("  killing-beds  "),  washed 
free  from  adhering  blood  and  dirt,  and  sawn  by  a  circular  saw  into 
suitable  sizes  for  further  working  up.  The  chief  object  of  sawing  off 
the  feet  is  to  separate  the  more  costly  shin  bones  from  the  feet  proper, 
which  latter  yield  the  genuine  neat's  foot  oil.  The  fatty  matter  con- 
tained in  the  shin  bones  approaches  somewhat  in  consistence  horse- 
or  beef-marrow  fat  (see  below),  as  the  case  may  be.  When  kept  separate 
it  is  sold  as  ",.bone  oil  "  (French — Huile  d'os ;  German — Knochendl), 
five  samples  of  which  examined  by  Fahrion  had  the  following  char- 
acteristics : — 


I. 

II. 

III. 

IV. 

V. 

Saponification  value 

Iodine  value  .... 

Acid  value  

Melting  point  of  fatty  acids  . 
Mean  molecular  weight  . 

196-1 
74-2 
9-0 
34 

279-5 

191-3 
67-4 
3-8 
28-29 
280-8 

190-3 
79-6 
2-4 
14 

284-7 

186-7 
79-8 
6-2 
21 

294-8 

192-5 
79-0 
4-2 
13 

279-0 

This  oil  must  not  be  confounded  with  neat's  foot  oil,  nor  with  bone  fat. 
It  is,  however,  customary  in  America  to  recover  the  oil  from  the  shin 
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bones,  together  with  the  neat's  foot  oil,  by  boiling  the  shin  bones  with 
the  feet.  Therefore,  American  oil  has  a  higher  solidifying  point  than 
that  prepared  as  described  above.  The  feet  are  scalded  by  immersion 
in  boiling  water  for  from  10  to  15  minutes  in  order  to  loosen  the  hoofs, 
which  are  removed  by  a  special  machine — the  "  hoof-puller."  The 
boiling  out  of  the  hoof  must  be  avoided,  as  otherwise  some  colouring 
matters  contained  in  the  hoof  would  pass  into  the  oil  and  depreciate  its 
value.  It  will  be  readily  understood  that  the  greatest  speed  in  the 
working  up  of  the  oil  is  required,  as  contact  with  the  putrescible  animal 
matter  is  apt  to  set  up  secondary  reactions  which  lead  to  the  production 
of  a  low  class  oil,  containing  a  high  proportion  of  free  fatty  acids,  and 
having  a  dark  colour  and  an  unpleasant  smell. 

The  further  treatment  of  the  oil  is  very  similar  to  the  one  described 
above.  The  oil  is  skimmed  off  as  it  rises  to  the  surface,  filtered  roughly 
through  a  fine  wire  screen,  separated  from  water  as  far  as  possible, 
and  then  run  into  vessels  provided  with  close  steam  coils.  Steam 
is  passed  through  the  coils  and  the  water  stiU  contained  in  the  oil 
thereby  driven  ofi,  whilst  at  the  same  time  organic  impurities  (albumen) 
become  coagulated.  The  dried  oil  is  finally  obtained  in  a  perfectly 
limpid  state  by  filtering. 

Neat's  foot  oil  is  pale  yellow  and  has  a  bland  taste.  Properly  pre- 
pared oil  contains  only  a  very  small  amount  of  free  fatty  acids.  On 
standing  the  oU  deposits  "  stearine."  The  glycerides  contained  in 
neat's  foot  oil  consist  of  palmitin,  stearin,  and  olein.  LinoHn  appears 
to  be  absent,  for  Coste  and  Shelbourn  foimd  amongst  the  oxidation 
products  of  the  liquid  acids  of  neat's  foot  oil  dihydroxystearic  acid 
only.  The  amount  of  unsaponifiable  matter  varies  from  0-12  to  0-65 
per  cent. 

Commercial  samples  of  European  neat's  foot  oil,  even  if  not 
sophisticated  with  non-animal  oUs,  consist  mostly  of  true  neat's  foot 
oil  mixed  with  sheep's  foot  and  horse's  foot  oils.  Frequently  tallow 
oil  ("  animal  oil ")  recovered  from  greases  (see  Vol.  III.  Chap.  XVI.) 
is  substituted  for  neat's  foot  oil.  American  neat's  foot  oil  mostly 
contains  the  oU  from  the  shin  bones,  which  is  properly  speaking  a 
marrow  fat.  Hence  the  solidifying  point  of  American  oil  Hes  as  a  rule 
above  0°  C.  American  oil  is  also  frequently  adulterated  with  pig's 
foot  grease.  The  chief  determinants  in  the  valuation  of  the  oil  are 
colour,  smell,  low  fi-eezing  point,  and  freedom  from  free  fatty  acids. 

A  comparative  examination  of  the  characteristics  of  neat's  foot  oil, 
tallow,  and  horse  oil  has  been  made  by  Gill  and  Rowe,^  who  give  the 
following  figures  : — 

'  Journ.  Amer.  C'hem.  Sue,  1902,  466. 
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Colour,  etc. 

Specific 
Gravity. 

XO  \Jm 

Mauiiieii6 
Test. 

Iodine 
Value. 

Titer  Test. 

Neat's  foot  oil  (1) 

0-916 

42-2 

72-9 

19-20 

0-914 

42-2 

72-9 

18-19 

„  (3) 

0-919 

49-5 

67-1 

17-18 

„  (4) 

0-916 

42-2 

72-1 

16 

„  (5) 

0-916 

42-2 

66-0 

26-6-26-5 

Tallow  oil  (1) 

0-794 

36-0 

56-8 

35-36 

»  (2) 

0-794 

35-0 

56-6 

36-5-37-5 

„  (3) 

0-794 

35-0 

56-7 

34-6-35-5 

Horse  oils  and  fats 

(1) 

White  brown 

0-919 

46-0 

76-1 

32-6-33-6 

semi-fluid 

»>       j»  )j 

(2) 

Dark  brown 

0-916 

52-1 

82-5 

30-0-31-0 

semi-liquid 

»»  >? 

(3) 

Yellow  brown 

0-922 

54-7 

86-3 

26-0-26-0 

liquid 

at  100°  C. 

>>       »»  >» 

(4) 

Golden  brown 

0-798 

/9-y 

nearly  solid 

i>       >»  >> 

(5) 

Very  like  (4) 

0-799 

53-5 

78-8 

34-35 

For  the  purposes  of  tlie  leather  industries  a  low  "  cold- test  "  is  of 
especial  importance,  as  the  finished  glazed  leather  becomes  coated 
with  a  film  of  "  stearine  "  in  cold  weather,  if  neat's  foot  oil  containing 
a  considerable  quantity  of  "  stearine  "  has  been  used. 

The  high  price  of  the  oil  is  an  incentive  to  fraud.  It  is  largely- 
adulterated  with  vegetable  oils,  such  as  rape  oil  and  cotton  seed  oil. 
Fish  oUs  (blubber  oils,  whale  bone  oil)  and  mineral  oils  are  also  used 
for  the  same  purpose.  These  adulterants  can  be  easily  detected  by 
determining  the  iodine  value.  If  the  amount  of  added  vegetable  oils 
be  so  small  that  the  indications  furnished  by  the  iodine  value  of  the 
sample,  the  iodine  value  of  the  liquid  fatty  acids,  the  saponification 
value  (rape  oil),  and  other  chemical  or  physical  tests,  do  not  lead  to 
decisive  results,  then  their  presence  can  be  unmistakably  ascertained 
by  the  phytosteryl  acetate  test.  In  order  to  circumvent  this  test, 
vaseline  oil  (paraffin  wax)  is  added. 

Fish  oils  and  blubber  oils  are  best  detected  by  the  bromide  test ; 
mineral  oil  is  easily  determined  and  identified  by  examining  the  "  un- 
saponifiable  "  matter. 

Neat's  foot  oil  is  a  valuable  lubricating  oil  for  clocks,  guns,  sewing 
machines,  and  other  deHcate  machinery.  (A  specimen  of  true  neat's 
foot  oil  required  in  Redwood's  viscosimeter  at  140°  F.,  70  seconds  ; 
and  at  200°  F.,  43  seconds.)  It  is  largely  used  in  the  leather  industry, 
in  which  practically  the  total  quantity  of  neat's  foot  oil  made  is  con- 
sumed as  "  fat  liquoring  "  for  the  treatment  of  hides  and  slcins  for  the 
manufacture  of  the  more  deHcate  grades  of  leather  (gloves,  etc.).  In 
the  preparation  of  fat  liquors  the  neat's  foot  oil  is  emulsified  by  the 
addition  of  castor  oil  soap.-"- 

1  0.  Krahner,  Ohem.  Revue,  1910,  1303. 
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Dunlop  {Analyst,  1907,  318),  obtained  from  calves'  feet  a  white 
salve-like  fat  of  the  iodine  value  71-8,  and  the  refraction  59-0  "  degrees  " 
at  25°  C.  in  the  butyro-refractometer.  The  oil  filtered  from  this 
product  at  13-3°  C.  had  the  iodine  value  74-1. 

The  fatty  oil  from  Cydnus  indicus  (Westw.),  an  insect  known  in 
India  through  its  aromatic  odour,  had  the  following  characteristics  : — 

Specific  gravity  l5-5° 
Saponification  value 
Iodine  value 

Insoluble  fatty  acids +unsaponifiable 


Horse  Oil  (see  under  "  Horse  Fat  "). 
Lard  Oil  (see  under  "  Lard  "). 
Tallow  Oil  (see  under  "  Tallow  "). 


In  France  oil  prepared  from  alligators  by  boiling  out  comminuted 
flesh  with  water  is  sold  under  the  name  of  "  Jacare  "  fat.  It  is  used  in 
admixture  with  fish  oils  in  the  leather  industry.  The  aUigators  from 
Madagascar  yield  a  harder  fat  than  the  American.^ 


.  19-1 
.  49-1 
.  94-8 


1  Chem.  Revue,  1906,  87. 
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II.  SOLID  FATS 

1.  Vegetable  Fats 

Vegetable  fats  are  obtained  from  plants  widely  distributed  over 
tropical  and  sub-tropical  regions.  In  the  world's  markets  hitherto 
only  a  few  have  acquired  considerable  commercial  importance.  These 
are  palm  oil  and  its  kernel  oil,  and  cocoa  nut  oil ;  cacao  butter  and 
Japan  wax  rank  next.  There  is,  however,  no  doubt  that  in  the  near 
futui-e  large  quantities  of  vegetable  fats  will  become  available  for 
industrial  purposes  as  the  conditions  of  communication  and  transport 
(both  by  land  and  sea)  with  the  countries  of  their  origin  improve. 
Tropical  Africa,  especially  tropical  West  Africa  (Nigeria,  the  French 
Colonies,  and  the  Soudan),  the  Bast  Indies,  the  Sunda  Islands,  and 
South  Sea  Islands,  the  vast  regions  of  tropical  South  and  Central 
America  are  bound  to  furnish  in  future  large  quantities  of  fats.  At 
present  the  enormous  tracts  of  French  Nigeria,  of  the  Soudan,  and  of 
Indo-China  are  being  systematically  explored  for  fruits  Hkely  to  yield 
vegetable  fats. 

The  vegetable  fats  are  chiefly  found  accumulated  in  the  seeds. 
Vegetable  tallow  of  China,  however,  forms  a  coating  round  the  seeds  ; 
and  in  the  case  of  palm  oil  the  fi'uit  flesh  contains  considerable  quan- 
tities of  fat,  which  differs  in  its  chemical  composition  from  the  fat  of 
the  seed  (palm  kernel).  Whilst,  therefore,  the  palm  fruit  would  be 
analogous  to  the  olive  fi-uit,  in  that  it  yields  a  fruit  oil  and  a  kernel  oil, 
there  is  this  characteristic  difference  that  olive  kernel  oil  has  practically 
the  same  composition  as  the  oil  from  the  pulp  of  the  fi'uit.  Ouara  oil 
and  ouara  kernel  oil  simulate  palm  oil  completely. 

The  members  belonging  to  this  class  are  solid  in  temperate  climates. 
They  present,  however,  a  variety  of  gradations  from  the  soft,  buttery 
mass  of  laurel  oil  to  the  hard,  wax-like  Japan  tallow.  As  the  hardness 
of  the  fats  increases  approximately  in  direct  proportion  to  the  decrease 
of  glycerides  of  oleic  acid  and  linolic  acid,  the  iodine  value  would  most 
aptly  determine,  in  the  absence  of  other  more  strildng  chemical  char- 
acteristics, the  order  in  which  the  individual  fats  should  be  enumerated. 

I  have,  therefore,  grouped  the  vegetable  fats  in  the  first  instance  in 
the  order  of  their  iodine  values. 

Palm  nut  oil  and  cocoa  nut  oil,  however,  have  been  placed  together 
as  undoubtedly  constituting,  with  mocaya  oil,  maripa  fat,  and  similar 
fats,  a  well-defined  group,  differing  from  all  other  vegetable  fats  by 
containing  a  considerable  amount  of  glycerides  of  lower  fatty  acids. 
In  this  respect  they  resemble  to  some  extent  butter  fat. 

As  other  natural  groups  I  have  branched  off  the  chaulmoogra  oil 
group,  comprising  three  oils  (belonging  to  the  Flacourtiaceae),  which 
occupy  an  exceptional  position  on  account  of  the  high  dextrorotatory 
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powers  they  possess  ;  the  myristica  group,  characterised  by  the  large 
proportion  of  myristin,  which  the  members  of  this  group  contain  ;  the 
dika  fat  group,  characterised  by  the  very  large  proportions  of  laurin 
(larger  than  in  the  fats  of  the  cocoa  nut  oil  group)  contained  in  dika  fat, 
tangkallak  fat,  cay-cay  fat,  and  kusa  fat. 

Further  groups  are  formed  by  classifying  the  oils  relating  to  laurel 
oil,  palm  oil,  and  cacao  butter.  The  fats  relating  to  the  cacao  butter 
gi-oup  are  characterised  by  the  large  proportion  of  glycerides  of  stearic 
acid  which  they  contain. 


Chaulmoogra  Oil  Group 

(a)  CHAULMOOGKA  OIL  ^ 

French— fl'iwZe  de  chaulmougra  [chalmougre).  Gevman—GJiaulmugradl. 
Italian — Olio  di  chaulmugra. 

For  tables  of  characteristics  see  p.  492. 

Chaulmoogra  oil  is  obtained  from  the  seeds  of  TaraJctogenos  Kurzii, 
King ;  Hydnocarpus  Kurzii,  Warb.  ;  and  Hydnocarpus  heterophyllus, 
Kurz,2  a  tree  indigenous  to  Bm-mah  and  Assam.  The  amount 
available  in  the  Shwegyin  division  of  Burmah  is  estimated  at  about 
10,000  lbs.3  The  seeds  contain  a  hydrolytic  enzyme,  so  that  a  high  acid 
value  of  an  expressed  oil*  must  be  explained  by  hydrolysis  having 
taken  place  whilst  the  seeds  were  crushed  (cp.  Vol.  I.  Chap.  II.).  On 
bruising  the  seeds  this  enzyme  causes  a  small  quantity  of  hydrocyanic 
acid  to  be  generated  ^  from  a  cyanogenetic  glucoside  contained  in  the 
seed.  From  old  seeds  no  hydrocyanic  acid  is  evolved,  the  cyanogen 
compound  evidently  becoming  decomposed  in  the  stored  seeds. 

In  the  older  literature  chaulmoogra  oil  has  been  confounded  with 
gynocardia  oil,  owing  to  the  fact  that  the  seeds  of  TaraJctogenos  and 
Gynocardia  are  very  similar  in  appearance.  The  researches  of  Power 
and  his  collaborators  have  finally  cleared  up  the  difficulties  surrounding 
the  identity  of  chaulmoogra,  hydnocarpus,  lukrabo,  and  gynocardia 
seeds.6  (For  the  older  literature  cp.  third  edition  of  this  work,  p.  694 
and  D.  Hooper,  "  Agricultural  Ledger,"  1905,  No.  5). 

At  the  ordinary  temperature  chaulmoogra  fat  is  of  buttery  con- 
sistence ;  it  has  a  faintly  yellow  colour  and  a  characteristic  odour. 

The  most  characteristic  physical  property  of  the  fat  is  its  high 
rotatory  power  ;  this  rotatory  power  is  due  to  the  configuration  of  its 
fatty  acids.  The  specific  rotation  of  the  oil  is  [a]  =  +  52°  (expressed 
oil)  ;  +  51-3  (extracted  oil).    The  specific  rotation  of  the  mixed  fatty 

'  Power  and  Goniall,  Journ.  Chem.  Soc,  1904,  843. 

^  Grim  me,  Ohem,.  Remie,  1911,  102. 

■■'  Pearson,  "  Indian  Agriculturist." 

*  Indeed,  a  speciincii  thus  obtained  by  Power  and  Gornall  had  tlie  acid  value  23"8. 

"  Op.  also  Greshoir,  /'harm.  WfekMad,  42  (190.'5),  102  ;  and  "Linseed  Oil,"  p.  48. 

"  Cp.  Pabisch,  Chem.  Revue,  1913,  267. 
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acids  is  [a]„  =  +52-6°  (in  cliloroformic  solution).  The  mixed  fatty 
acids  consist  chiefly  of  homologous  acids  of  the  "  chaulmoogric  series," 
CnH2„-402  ;  the  highest  homologue  isolated  hitherto  is  chaulmoogric 
acid.  Power  and  Barrowcliff  ^  identified  also  hydnocarpic  and  palmitic 
acids.  Undecylic  (cocinic)  acid  and  hydroxylated  acids,  stated  by 
Moss  2  and  Schindelmeiser  ^  to  occur  in  chaulmoogra  oil,  are  however 
absent. 

On  destructively  distilling  chaulmoogra  oil  Lewkowitsch  *  obtained 
dextrorotatory  hydrocarbons.  A  purified  gynocardia  oil  is  sold  under 
the  name  of  "  Antileprol." 

Chaulmoogra  oil  has  been  chiefly  used  in  the  treatment  of  leprosy 
and  various  sldn  diseases,  not  only  in  Indo-China  and  Siam  but  also 
in  Europe.  It  is  also  prescribed  in  the  incipient  stages  of  tuberculosis. 
The  preparation  of  methyl-  and  ethylesters  of  the  mixed  fatty  acids 
for  medicinal  purposes  have  been  patented  by  Farbenfabriken,  vorm., 
Fr.  Bayer  &  Co.^ 


Physical  and  Chemical  Characteristics  of  Chaulmoogra  Oil 


Specific  Gravity. 

Saponification 
Value. 

Iodine  Value. 

Observer. 

AfO. 

Mgrms.  KOH. 

Per  cent. 

25  ' 
45'' 
25  « 
40 

0-951 
0-940 
0-952 
0-942 

204 
213 

208 

200-3 

90-4-90-9 

103-  2 

104-  4 
97-8 

Lewkowitsch  * 
Power  and  Gornall 

Rainsch  ^ 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Solidifying 
Point. 

•c. 

Melting  Point. 
°0. 

Neutralisation 
Value. 

Iodine  Value. 

Observer. 

Titer  Test 
39-6 

44-45  ' 

215 

86 
103-2 

Lewkowitsch " 
Power  and  Gornall 

1  Journ.  Chem.  Svc,  1905,  896.  =  Pharm.  Journ.,  1879. 

^  Berichle,  1904,  165  (where  the  oil  is  described  as  gynocardia  oil). 

■*  Berichle,  1907,  4161. 

■*  German  patent  216,092.  "  Commercial  sample  examined  in  1890. 

'  Expressed  fat.  ^  Extracted  fat.  "  Specific  rotation  +  56  °. 
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(6)  HYDNOCARPUS  OIL  ^ 

French — Huile  de  hydnocarpus.  German — Hydnocarpusol. 
Italian — Olio  di  hydnocarpus. 

For  tables  of  characteristics  see  p.  494. 

Hydnocarpus  oil  is  obtained  from  the  seeds  of  Hydnocarpus  W igh- 
tiana,  Blume.  Grimme  ^  gives  as  synonymous  with  Hydnocarpus  Wigh- 
tiana  the  names  H.  inebrians,  Wall.  ;  MunnicJcsia  Wightiana,  Dennst., 
a  tree  indigenous  to  the  western  peninsula  of  India  from  South  Concan 
to  Travancore.  The  tree  belongs  to  the  same  natural  order  as  TaraJcto- 
genos  Kurzii,  King  (yielding  chaulmoogra  oil,  p.  491),  and  Hydnocarpus 
anthelmintica,  Pierre  (yielding  lukrabo  oil,  p.  495).  The  kernels  form 
70  per  cent  of  the  weight  of  the  total  seeds  and  yield  under  hydraidic 
pressure  32-4  per  cent  of  fat.  On  completely  extracting  tlae  com- 
minuted seed  with  ether  41-2  per  cent  of  fat  is  obtained. 

The  fat  is  a  soft  solid  at  the  ordinary  temperature  ;  it  has  a  faintly 
yellow  colour  and  a  characteristic  odour.  The  most  characteristic 
property  of  the  oil  is  its  optical  actiAdty  ;  [a]  „  =  +  57-7°  (expressed  oil)  : 
+  56-2°  (extracted  oil).  The  rotatory  power  is  due  to  the  presence 
of  hydnocarpic  and  chaulmoogric  acids  (Vol.  I.  Chap.  III.). 

The  expressed  oil  had  the  acid  value  3-8  ;  the  extracted  oil  7-4. 
The  unsaponifiable  matter  of  the  fat  was  identified  as  phytosterol. 

The  mixed  fatty  acids  are  optically  active  ;  [a]  ^  =  +  60-4°  (in 
chloroform).  From  the  mixed  fatty  acids  there  were  isolated,  by 
crystaUisation  from  alcohol,  chaulmoogric  acid  and  its  lower  homologue, 
hydnocarpic  acid.  The  acids  contained  in  the  alcoholic  mother  liquor 
yielded,  on  distillation  under  20  mm.  pressure,  the  following  three 
fractions  : — (1)  Fraction  boiling  at  220-225°  C.  These  acids  absorbed 
129-1  per  cent  of  iodine,  and  had  [a]„  =  +41-9°  (in  chloroform).  (2) 
Fraction  boiling  at  225-230°  C.  The  acids  of  this  fraction  absorbed 
131-1  per  cent  of  iodine,  and  had  [a]„  =  -^46-6°  (in  chloroform).  (3) 
Fraction  boiling  at  230-235°  C.  These  acids  absorbed  140-7  per  cent 
of  iodine,  and  had  [a]„  =  +50-4°  (in  chloroform).  The  high  specific 
rotatory  powers  of  these  fractions  point  to  their  containing  large 
proportions  of  acids  belonging  to  the  chaulmoogric  series.  On  the 
other  hand,  their  high  iodine  numbers  indicate  that  they  contain  an 
acid  or  acids  belonging  to  the  linolic  or  linolenic  series.  No  palmitic 
acid  could  be  obtained  (difference  from  chaulmoogra  oil). 

Hydnocarpus  oil  has  been  suggested  as  a  substitute  for  chaulmoogra 
oil  in  its  pharmaceutical  applications,  and  has  been  used  in  the  Bombay 
Presidency  with  satisfactory  results.  The  seeds  are  not  yet  an 
article  of  commerce.  The  oil  was  imported  into  Germany  under  the 
name  of  "  Cardamom  oil  "  or  "  Marotti  fat,"  and  used  in  the  manu- 
facture of  margarine  before  its  toxic  properties  were  known. 

1  Power  and  Barrowcliff,  Journ.  Ohem.  Soc,  1905,  886. 
Ohem.  E&vue,  1911,  131. 
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Physical  and  Chemical  Characteristics  of  Hydnocarpus  Oil 


Specific  Gravity. 

Melting 
Point. 

Saponification 
Value. 

Iodine 
Value. 

Refractive 
Index. 

Specific  Rotation. 

At  °  C. 

°C. 

Mgrms.  KOH. 

Per  cent. 

Butyro-Be- 
fractometer. 

25 

0-958 

22-23 

207 

ioL-31 

102-5  2 

20 

0-955  3 

22-25 

202-7 

97-6 

81-5 

-79-1  4 

20 

0-958 

22-24 

204-6 

96-8 

78-6 

-74-8  ^ 

203-7-205-3 

93-94-7  0 

70-4-71-3 

+58-8  to  +64-5' 

203-5-208-1 

88-5-94  8 

69-7-71-1 

+54-0  to  -f  58-0 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Melting  Point. 

Neutralisation 
Value. 

Iodine  Value. 

•c. 

Mgrms.  KOH. 

Per  cent. 

41-44 

214-0 

106-3 

The  mixed  fatty  acids  of  marotti  oil  consist  of  61-63  per  cent  of 
saturated  fatty  acids  and  37-98  per  cent  of  unsaturated  fatty  acids. 
The  saturated  fatty  acids  melted  at  36-41°  C,  and  had  the  mean  mole- 
cular weight  272-1.  The  unsaturated  fatty  acids  melted  at  30-31°  C, 
and  had  the  mean  molecular  weight  279.^ 

A  specimen  of  fat  from  Hydnocarpus  alpina  represented  a  yellowish 
butter-like  substance,  and  had  the  saponification  value  209-0  and  the 
iodine  value  84-5.    The  rotation  was  [a]"'^^^=  +49.^" 

The  poisonous  properties  of  these  oils  are  probably  due  to  the 
internal  configm-ation  of  the  fatty  acids,  and  not  to  an  extraneous 
toxic  substance,  as  after  repeated  purification  the  fat  still  retains  its 
poisonous  properties. 

Wolff  and  Koldewijn     give  the  following  characteristics  : — 


1  Expressed  oil.  ^  Extracted  oil. 

3  Grimme,  C/tem.  Revue,  1911,  132. 

■4  Cardamom  oil.  ^  Marotti  fat. 

"  Crude  cardamom  oil. 

7  Rein.soh,  Chem.  %eit.,  1911,  77. 

s  Refined  cardamom  oil. 

»  Knorr,  Seifensieder  Zeit.,  1912,  436. 

1"  Lendricb,  Koch,  and  Schwarz,  Zeits.  f.  Unters.  d.  Nahrgs-  u.  Qenmsm.,  1911, 
22,  441. 

"  Pharm.  Weekblad,  1912,  1049. 
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Specific  gravity  at  100°  C.    .         .         .  0-898 

Solidifying  point        ....  22-5 

Melting  point  .....  22-26 

Saponification  value   ....  207 

Iodine  value     .....  84 

Acid  value       .         .         .         .         .  0-35 

Refractive  index  at  40°  C.    .         .         .  1-4709 

[a],   +49-5 


(c)  LUKRABO  OIL  ^ 

French — Huile  de  lukrabo.    German — Lukrabodl. 
Italian — Olio  di  lukrabo. 

For  tables  of  characteristics  see  pp.  495-6. 

Lukrabo  oil  is  the  fat  obtained  from  Hyd^iocarpus  anihelmintica, 
Pierre,  a  tree  indigenous  to  Siam,  northern  Cochin  China,  and  Camboja.^ 
The  tree  belongs  to  the  same  natural  order  as  Taraktogenos  Kurzii, 
King  (yielding  chaulmoogra  oil,  p.  491),  and  Hydnocarpus  Wightiana, 
Blume  (yielding  hydnocarpus  oil,  p.  493).  The  seeds  are  exported  to 
China  under  the  name  of  "  Lukrabo  "  ("  krebao  "  seed  of  Camboja  ; 
Annamite,  "  Chung-bao,"  "  Chumbao  "  ;  Chinese  "  Dai-phongtu  "). 
The  kernels  form  31-2  per  cent  of  the  total  seeds.  On  subjecting  the 
seeds  to  hydraulic  pressure  an  amount  of  fat  equivalent  to  16-3  per 
cent  of  the  entire  seeds  was  obtained.  By  complete  extraction  with 
ether  the  amount  of  fat  rose  to  17-6  per  cent.  This  fat  is,  at  the  ordinary 
temperature,  a  nearly  white  solid,  having  the  same  characteristic  odour 
as  chaulmoogra  oil  and  hydnocarpus  oil.  Like  the  two  latter  fats,  it  is 
optically  active.  Power  and  Barrowcliff  found  [a]„  =  +42-5°  for  the 
expressed  oil,  and  +51°  for  the  extracted  oil  (in  chloroform).  The 
expressed  oil  had  the  acid  value  7-5,  and  the  extracted  oil  8-1. 

The  mixed  fatty  acids  form  a  hard  white  solid ;  their  specific 
rotation  is  [a]„  =  +53-6°  (in  chloroform).  Amongst  the  acids  were 
identified  chaulmoogric  acid,  hydnocarpic  acid,  and  palmitic  acid. 
The  presence  of  oleic  acid  was  also  ascertained. 


Physical  and  Chemical  Characteristics  of  lAikrabo  Oil 


Specilic  Gravity. 

Molting  Point. 

Saponification 
Value.  - 

Iodine  Value. 

•c. 

'  C. 

Mgrms.  KOn. 

Per  cent. 

25 
25 

0-953 
0-952 

24 -2.5°  3 
23-24°'' 

212 

208 

86-4 
82 -5 

'  Power  and  BarrowclifT,  Joimi.  Chem.  Soc,  1905,  886. 
Cp.  Ileckel,  Les  Oraines  qrasses  no^ivelles  arc  pen  connues  des  Colonies  francaises, 
Paris,  1902,  p.  ]-22. 

■■'  Expre.ssed  oil.  •»  Extracted  oil. 
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Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Melting  Point. 

Neutralisation 
Value. 

Iodine  Value. 

°0. 

Mgrms.  KOH. 

Per  cent. 

42-43 

202-5 

87-8 

60RLEY  SEED  OIL 

Two  samples  of  this  seed  identified  as  "  Onchoba  echinata  "  from 
Sierra  Leone  were  found  to  contain  about  47  per  cent  of  solid  fat  wMcIl 
consisted  of  a  mixture  of  glycerides  of  chaulmoogric  acid  and  a  small 
proportion  of  glycerides  of  liquid  fatty  acids.^ 


Specific  gravity  at  15-5°  C.  .  .  .  0-898 
Saponification  value  ....  192-4 
Iodine  value  .....  99-7 
Acid  value  .....  4-5 
Unsaponifiable  matter  .  .  .1-5 
[a]'-  +48-8 


The  fatty  acids  had  an  iodine  value  of  105-1  and  [a]  +52-5°. 


PITJOENG  OIL,  SAMAUN  OIL 

This  oil  is  obtained  from  the  seeds  of  Pangium  edule,  Eeinw.,  Hydno- 
carpus  eduUs,  Petm.,  a  tree  indigenous  to  the  Malayan  Archipelago. 
The  seeds  contain  50  per  cent  of  a  fatty  oil  having  the  following  char- 
acteristics : — 

Specific  gravity 
Saponification  value 
Iodine  value 
Titer  test  of  fatty  acids 

The  seeds  contain  a  cyanogenetio  glycoside  of  which  some  passes 
into  the  oil  when  it  is  prepared  by  the  natives,  and  is  only  removed  by 
prolonged  boiling.  The  oil  prepared  in  a  very  primitive  fashion  by 
the  natives  of  Java,  by  heating  the  dry  seeds  and  passing  the  mass 
between  boards,  is  used  as  an  edible  oil.^ 


0-937 
178-183 
89-94 
44-4 


1  Gouldiiig  and  Alters,  Chem.  Soc.  Proc,  1913,  197. 
2  Wijs,  Ghem.  Revue,  1911,  158. 
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PARKIA  OIL 

French — Huile  de  Parkia.    German — Parkiadl. 
Italian — Olio  di  Parkia. 

This  fat  is  obtained  from  the  seeds  of  Parkia  africana,  E.  Br.^ 
(Family,  Mimosaceae).  A  specimen  of  seeds  obtained  from  Togo  ^ 
(West  Afi'ica),  showed  that  they  contained  16  per  cent  of  fat  and  29 
per  cent  of  proteids.  The  seed  kernels  yielded  22  per  cent  of  fat  and 
42  per  cent  of  crude  proteids.  The  fruit  pulp  of  Parkia  biglobosa, 
Benth  (African  locust),  a  large  tree  about  50  ft.  in  height,  is  used  by 
the  natives  of  tropical  Africa  as  a  food.  The  pulp  is  known  locally  as 
"  Nette  meal."  i 

The  oil  obtained  from  the  seeds  by  extracting  with  petroleum  ether 
has  a  golden  yellow  colour,  and  is  tasteless  and  odourless  ;  at  the 
ordinary  temperature  it  is  semi-liquid  to  solid.  The  following  char- 
acteristics have  been  ascertained  in  a  specimen  having  the  acid  value 
2-5  :— 


Saponification  value 
Iodine  value 
Reichert-Meissl  value 
Refraction  in  Zeiss  Butyro 

at  25°  . 

at  40°  . 


refractometer — 


184-5 
91-6 
0-6 


67-2  "  degrees  " 
58-8 


Insoluble  fatty  acids  +  unsaponifiable     .         .95-5  per  cent 

The  kernels  are  used  by  the  natives  of  the  Soudan  in  the  preparation 
of  the  "  Daua-Daua  "  cakes,  which  are  used  as  a  condiment,  and  also  as 
food.  The  "Daua-Daua"  cakes  ("Daua-Daua  cheese")  are  largely 
sold  as  an  article  of  commerce  in  the  Soudan  markets.  The  roasted 
seeds  are  known  as  "  Soudan  coffee." 


PONGAM  OIL  ^ 

French — Huile  de  pongam  ;   huile  de  Hongaij.    German — Pongamol. 

Italian — Olio  di  pongam. 

For  table  of  characteristics  see  p.  498. 

This  oil  is  obtained  from  pongam  beans,  the  fruits  of  Pongamia 
glabra,  Vent.  {Dahlbergia  arborea,  Willd.  ;  Gadelupa  arborea,  Roxb.,* 
Gadelupa  indica,  Lam.,  Gadelupa  pinnata,  L.,  Caju  gadelupa,  Rumph.), 
a  tall  tree  growing  all  over  East  India  from  the  Central  and  Eastern 
Himalayas  to  Ceylon  and  Malacca.  The  tree  occurs  also  in  the  Malayan 
Archipelago,  North  of  Australia,  the  Pacific  Islands,  and  the  Seychelles. 

^  A.  Goris  and  L.  Crut(-,  Compt.  rend.,  1908  (146),  187. 
H.  Fincke,  Zeita. /.  Unlers.  d.  Nahrgs-  u.  Oenv.ssm.,  1907  (xiv.),  512. 
Lewkowitsch,  Analyst,  1903,  342. 

The  pongam  seeds  must  not  be  confounded  with  tlie  seeds  of  Dahlbergia  sis.icn. 
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The  oil  is  known  under  the  following  native  names  : — Kanooga- 
manoo,  Kanoogoo,  Kanuga-Karra,  Kanuga-Chettu,  Kanji ;  it  is  also 
known  as  Korung  oil  and  Kagoo  oil,  and  in  Malabar  as  Ung. 

According  to  iejMwe  ^  the  seeds  yield  27  per  cent  of  a  yellow  oil, 
of  the  specific  gravity  0-94:5,  solidifying  at  8°  C.^  The  authors  of  the 
PharmacograpMa  Indica  state  ^  that  the  oil  (called  Houge  oil  in  Mysore) 
expressed  from  fresh  seeds  was  thick,  of  a  Ught  orange  brown  colour, 
and  bitter  taste  (perhaps  due  to  the  presence  of  resinous  matter  or  of 
an  alkaloid).  The  specific  gravity  at  18°  C.  was  0-9458.  It  yielded 
93-3  per  cent  of  fatty  acids,  melting  at  about  30°  C. 

By  extracting  pongam  beans  with  ether  the  author  obtained  33-7 
per  cent  of  a  buttery  mass  of  a  dirty-yellowish  colour,  and  he  was 
enabled  to  examine,  side  by  side  with  the  oil  extracted  from  the  seeds, 
a  native  specimen  of  oil  obtained  from  India.  This  specimen  contained 
0-5  per  cent  of  free  fatty  acids  (in  terms  of  oleic),  and  6-9  per  cent  of 
unsaponifiable  matter.  The  sample  prepared  in  the  author's  labora- 
tory contained  3-05  per  cent  of  free  fatty  acids,  and  9-22  per  cent  of 
unsaponifiable  matter. 

The  oil  is  used  in  India  for  medicinal  and  illuminating  purposes. 
As  it  can  be  obtained  in  large  quantities,  it  should  find  technical  appUca- 
tion  in  the  soap  and  candle  industries. 


LAUREL  OIL,  BAYBERRY  OIL 

'French-— Huih  de  laurier.  German — Lorbeerfett. 
Italian — Burro  di  lauro,  Olio  di  lauro. 

For  tables  of  characteristics  see  pp.  501,  502. 

Laurel  oil  *  is  obtained  from  the  berries  of  the  laurel  tree,  Laurus 
nobilis,  L.,  either  by  pressing  the  poimded  berries,  or  by  boiling  them 
with  water.  The  berries  contain  from  24  to  30  per  cent  of  fat.  Lam-el 
oil  has  a  green  colom-.  At  the  ordinary  temperature  it  has  a  buttery 
consistence  ;  its  taste  and  aromatic  odour  are  characteristic. 

Laurel  oil  is  completely  soluble  in  boiling  alcohol ;  on  cooling, 
crystals  of  trilaurin  separate.  Judging  from  the  high  iodine  value, 
laurel  oil  must  contain  considerable  quantities  of  olein  (and  perhaps 
also  leas  saturated  glycerides)  ;  hence  the  statement  occurring  in  the_ 
older  Uterature  on  this  oil,  viz.  that  the  chief  constituent  of  laurel  oil 
is  trilaurin,  must  be  considered  as  erroneous.  The  quantity  of  laurin 
cannot  be  very  high,  as  is  evidenced  by  the  characteristic  numbers 
given  in  the  tables.    The  presence  of  laurin  is,  however,  definitively 

1  Phnrm.  Jmtrn.  (3)  xl.  16. 
Cyi.  Heckel,  Les  Oraines  grasses  nouvelles  ot^  peu  connues  des  colonies  frangaises, 
Paris,  p.  86. 

•'  S(;(i  Watt's  Dictionary  of  the  Economic  1'roducl.s  of  India,  VI.  i.  p.  322. 

Laurel  oil  must  not  be  confouniled  with  the  oil  I'roiu  the  seeds  of  Calophylluin 
innphi/Hnm  (see  lable  f'luiing  \>.  3(5il),  speeilic  gravity,  0-9315  at  16  "  C.  ;  sapoiiilicatioii 
value,  196-4  ;  melting  point  of  insoluble  fatty  aeids,  37-6"  C.  Nor  should  laurel  oil  bo 
confounded  with  Indian  laurel  oil  (described  p.  238),  from  the  fruits  of  Laurus  indica. 
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proved  by  the  following  facts  : — On  distilling  laurel  oil  in  vacuo,  Krajfl 
obtained  trilaurin  in  the  distillate.  Matthes  and  Sander  found  the 
proportion  of  insoluble  fatty  acids  (determined  by  Hehner's  method) 
85-8  per  cent  after  deducting  1  per  cent  of  unsaponifiable  matter. 

The  titration  number  of  the  insoluble  volatile  acids  was  2-8,  but 
this  would,  of  course,  not  prove  the  presence  of  lauric  acid  (see  Vol.  I. 
Chap.  VIII.),  as  even  myristic  acid  passes  over  with  the  water  vapours. 
Allen  found  also  small  quantities  of  volatile  acids  (acetic).  A  specimen 
examined  by  the  author  (see  table  of  characteristics)  had  the  acid  value 
26-3,  and  one  examined  by  Matthes  and  Sander,  94. 

The  imsaponifiable  matter  of  laurel  oil  consists,  according  to  H. 
Matthes  and  H.  Sander, of  melissyl  alcohol,  phytosterol  (melting  at  132- 
133°  C),  a  hydrocarbon  "  laurane,"  C2QH42  (crystallising  from  alcohol 
in  fine  needles  melting  at  69°  C),  and  an  oily  substance  of  brown  colom- 
having  an  ethereal  odour,  the  iodine  value  191-95  and  n^  at  40°  C.  = 
1-5018.  The  exceedingly  small  amount  of  this  oil  cannot  appreciably 
affect  the  iodine  value  of  the  oil  and  the  opinion  of  Matthes  and  Sander 
that  the  high  iodine  value  of  laurel  oil  is  due  to  the  high  iodine  absorp- 
tion of  the  unsaponifiable  matter  cannot  be  admitted  as  correct.  The 
true  acetyl  value  of  the  oil  was  found  by  Matthes  and  Sander  to  be  5-1  ; 
this  figure  is  largely  due  to  the  presence  of  higher  alcohols  in  the  un- 
saponifiable matter.  The  apparent  acetyl  value  was  15-3  for  the  oil 
having  an  acid  value  9-4. 

The  numbers  given  in  the  table  of  characteristics  are  somewhat 
widely  divergent.  This  must  be  due  to  the  fact  that  crude  lam-el  oils 
contain  varying  amounts  of  a  volatile  oil.  In  order  to  separate  the 
latter  from  the  fatty  oil  Fabris  and  Settimj^  digested  crude  laurel 
oil  (the  characteristics  of  which  are  given  in  the  table,  p.  501),  at  a 
temperature  of  0°  C.  with  95  per  cent  alcohol,  filtered,  and  washed  the 
undissolved  portion  with  95  per  cent  alcohol  at  a  temperature  of  0°  C. 
until  nothing  more  was  dissolved  by  the  alcohol. 

The  fat  which  was  insoluble  in  alcohol  had  the  consistence  of  tallow, 
and  was  colom-less  and  odourless,  whereas  the  (smaller)  portion  dis- 
solved by  alcohol  was  an  oily  liquid  of  a  dark  green  colom-  and  very 
intense  odour.  The  characteristics  of  the  two  portions  were  as 
foUows : — 


Fat  insoluble  in 
Alcohol  at  0°  C. 

Oil  soluble  in 
Alcohol  at  0°  C. 

Solidifying  point     .          .          .  • 
Melting  point  .... 
SaponiKcation  value 

Iodine  value  .... 
Insoluble  fatty  acids  +  unsaponifiable 
Butyro-i-efractoraetei-  "degrees"  at  40°  C.  . 

26-28°  G. 
40-50°  C. 
206-5 
65-6 
90-0  per  cent 
53 

186-6 
124-1 

85 

1  Arch.  d.  Pharm.,  1908  (246),  165. 
2  AM  del  VI.  Congresso  inlernazionale  di  chimica  applicuta,  Roma,  1907,  v.  753. 


XIV 


LAUREL 


OIL 


501 


a 
o 

P4 


J3 

o 


a 
o 


to 


O 


O 


d  ®  « 


T3 
c9 

q 

O  =4 

be  m 

'-' 

o  <^ 


00  o 
VO  VO  05  i-H  0> 

03  OS  I--.  1^  O 
i-l  r-i  •    03  ?Q 

05 


a  -a 

C  ■r' 

Sb 

CO  (D 
?    =«  ^ 


to  CO  -f 

CO  CO 

CO  (^l 

CO  CO  CO 


SO 

!2; 


-s<  in 
IM  ^  IM 


c3 


CO 


CO  CO 

CO  in 


13 


3 


1^ 


B 
a 


3 


o 


J3 

o 


a 

m 
d 


03 


»C5 


I 


13 

c3 


o3 


-p 


.a 
O 


C 
c3 


e3 


to 


M   

S 

CO 

m  % 
c3  a 

CO  =3 
cS  c3 


CO  lo 


o 


CO 

(O    CO  O 

ffl  ee  tu 


TO 

C/3 


O  c3 
O  oj 


m  ^  O  •    00  CO 

O 
CO 


502 


GLYCERIDES  VEGETABLE  FATS 


OHAP. 


Tlie  insoluble  fatty  acids  from  the  alcohol-insoluble  fat  gave  the 
following  numbers  : — 

Solidifying  point  .....    18-19°  G. 

Melting  point      .         .         .         .  .  •  23-24°  C. 

lodiae  value       ......  64-7 

Iodine  value  of  the  Uquid  fatty  acids  .         .  .98-1 

The  insoluble  acids  consisted  of  equal  parts  of  solid  and  liquid 
acids  (determined  by  the  lead-salt-ether  method). 


Fhysical  and  Chemical  Characteristics  of  the  Insoluble  Faiti/  Acids 


Insoluble  Acids 
-t-Unsaponiliable. 

Solidifying  Point. 

Iodine  Value. 

Per 
cent. 

Observer. 

•0. 

Observer. 

Per  cent. 

Observer. 

86-8 
83-5 

Matthes  and 
Sander 

Fabris  and 
Settimj 

Tite 

14-3-15-1 

r  Test. 

Lewkowitscli 

81-6-82-0 

Lewkowitsch 

On  shaking  laurel  oil  vs^ith  tw^ice  its  volume  of  alcohol  and  filtering, 
a  green  filtrate  is  obtaiued.  Hydrochloric  acid  converts  the  colour  to  a 
yellovrish-green  which  is  not  changed  by  ammonia  (Morpurgo).^ 

Crude  laurel  oil  gives  in  the  Baudouin  test  a  colour  reaction  similar 
to,  although  distinct  from,  that  given  by  sesame  oil.  The  alcohol- 
insoluble  fat  shows  the  colouration  less  distinctly,  whereas  the  alcohol- 
soluble  portion  gives  a  very  intense  colour  reaction  {Fabris  and  Settimj). 

Laurel  oil  is  only  used  in  veterinary  practice.  It  is  stated  to  be 
adulterated  with  other  fats  (lard),  coloured  green  with  copper  salts. 
Lard  would  be  detected  by  the  isolation  of  cholesterol ;  copper,  by 
iucuierating  the  oil  and  examining  the  ash. 

CARAPA  OIL,  CRAB  WOOD  OIL,  ANDIROBA  OIL,  TOULOUCOUNA  OIL 

French — Beurre  {huile)  de  Carapa ;  huile  de  touloucouna.    German — 
Garapafett,  Tulucunafett.  Italian — Olio  di  Carapa. 

For  table  of  characteristics  see  p.  505. 

This  fat  is  expressed  from  the  seeds  of  several  species  of  plants 
belonging  to  the  genus  Carapa  (Meliacese)  as  Carapa  guianensis,  Aubl, 
Carapa  moluccensis,  Lam.,  Carapa  procera,  D.C.,  Carapa  touloucouna, 
Guill.  et  Perr. 

The  author  received  from  the  Imperial  Institute  a  considerable 
quantity  of  the  seeds  of  "  Cara]^  guyanensis."  There  is  some  confusion 
with  regard  to  the  botanical  origin  of  these  Carapa  seeds.    The  seeds 

1  Oiorn.  di  farm,  di  Trieste,  1905,  353. 
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were  sent  from  Sierra  Leone  as  Carapa  guianensis,  Aubl.,  apparently- 
following  a  mistake  in  Oliver's  Flora  of  Tropical  Africa.  The  species 
founded  by  Aublet  was,  however,  Carapa  guianensis,  and  this  is  confined 
to  the  West  Indies  and  South  America.  It  seems,  therefore,  probable 
that  the  nuts  sent  from  Sierra  Leone  are  derived  from  Carapa  procera, 
D.C.,  of  which  C.  guianensis,  Oliv.,  and  C.  guineensis,  A;  Juss.,  are 
synonyms. 

A  large  proportion  of  the  kernels  were  mouldy,  hence  in  several  lots 
of"nuts,  amounting  to  about  20  lbs.  each,  the  good  and  bad  kernels,  as 
also  the  shells,  were  determined  quantitatively,  with  the  following 
result : — 


Good  kernels 
Bad  kernels  . 
SheUs  . 


35-5  per  cent 
27      „  „ 
37'6 


The  sound  kernels  yielded  by  extraction  with  ether  57-26  per  cent 
of  oil. 

A  large  quantity  of  good  kernels  were  comminuted  in  the  manner 
simulating  the  operations  on  a  large  scale,  and  were  pressed  in  the  cold 
in  a  hydraulic  press  at  a  pressure  of  150  atmospheres.  Thus  24  per 
cent  of  cold-pressed  oil  were  obtained.  The  cold-pressed  cakes  were 
then  broken  up,  comminuted,  warmed  to  150°  F.,  and  again  expressed 
in  the  hot  press  at  a  pressure  of  150  atmospheres.  Thus  a  further 
quantity  of  hot-pressed  oil,  amounting  to  22-7  per  cent  of  the  kernels, 
was  obtained.  The  total  amount  of  oil  recovered  from  the  kernels 
amounted  to  46-7  per  cent,  as  against  the  total  contents  of  57-26  per 
cent  obtained  by  extraction  with  ether. 

The  oil  extracted  with  ether — ^the  total  oil — had  the  iodine  value 
75-09. 

The  cold-pressed  and  hot-pressed  oils  were  examined  separately, 
and  gave  the  following  characteristics  ^  : — 


Oil  :- 


C.  (water  at  40=1) 
C.  (water  at  15-5=  1) 


Specific  gravity  at  40 
Specific  gravity  at  15° 
Solidifying  point 
Melting  point 
Saponification  value 
Iodine  value  . 
Reichort-Mcissl  value 
Unsaponifiable  matter 


Insoluble  Fatty  Adda  : — 

Fatty  acids  +  unsaponifiable 
Solidifying  point  (titer  test) 
Neutralisation  value 

Mean  molecular  weight  of  the  fatty  acids 


Cold  Pressed. 


C. 


0-9179 
0-9272 
12°  ('. 
15-36' 
1971 
75-67 
3-53 
1-51  per  cent 


95-15  per  cent 
35-45°  C. 
192-4 
291-5 


Hot  Pressed. 


0-9174 
0-9327 
14°  C. 
15-48°  C. 
196-4 
71-25 
3  14 
2  04  per  cent 

92-66  per  cent 

36-15°  C. 
192-0 
292-1 


^  Lcwkovvitsdi,  Analyst,  1909,  10. 
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The  insoluble  fatty  acids  consisted  of  : — 


Cold  Pressed. 

Hot  Pressed. 

"Liquid"  acids  (yielding  ether-soluble  lead 
salts)  ...... 

"  Solid  "  acids  (yielding  ether-insoluble  lead 
salts)  ...... 

Iodine  value  of  Uquid  fatty  acids  .        .  '. 

Iodine  value  of  solid  fatty  acids  . 

Stearic  acid 

65-9  per  cent 

34- 1  percent 
107-4 
16-56 

13-09  per  cent 

63-46  per  cent 

36-54  per  cent 
108-0 
17-87 

11-24  percent 

In  contradistinction  to  the  oil  from  Carapa  grandiflora,  the  present 
oil  does  not  contain  any  optically  active  substance.^  The  oil  and  the 
cakes  have  a  very  bitter  taste,  like  all  the  corresponding  products  of 
the  other  Carapa  species. 

The  information  given  in  the  literature  on  carapa  oil  is  of  a  very 
indefinite  nature.  This  is  caused  to  a  great  extent  by  the  conflict  of 
opinions  of  the  several  botanists  who  have  given  descriptions  of  the 
carapa  plant.  Thus  the  Carapa  guineensis,  Sweet,  or  G.  touloucouna, 
Guillemin  et  Perrot,  has  been  described  as  a  separate  species,  differing 
from  the  G.  guianensis,  Aubl.,  which  grows  abundantly  in  Guiana  and 
especially  in  French  Guiana.  Several  botanists  consider  the  South 
American  and  West  African  species  as  identical,  especially  so  Oliver,^ 
who  declares  the  botanical  differences,  on  the  strength  of  which  A. 
Jussieu,  Richard,  and  others  discriminated  two  species,  as  too  un- 
important to  call  for  such  a  subdivision.  The  difference  would  seem 
to  be  based  on  the  subdivision  ^  of  the  carapa  plants  into  (1)  Pentamerce, 
with  preduncled  flowers  and  parts  in  fives,  and  (2)  Tetramercs,  with 
sessile  flowers  and  parts  in  four.  In  the  former  are  included  C.  procera 
and  G.  surinamensis,  in  the  latter  G.  guianensis  and  C.  moluccensis. 
G.  guianensis  and  G.  touloucouna  are  given  in  the  Kew  Index  as 
synonyms  for  G.  procera,  D.G.,  and  according  to  a  communication  on 
this  subject  received  recently  at  the  Imperial  Institute  from  Kew,  G. 
guianensis  is  G.  procera.^ 

The  natives  of  Guiana  prepare  the  oil  by  boiling  the  kernels  with 
water,  and  placing  them  in  a  heap  for  a  few  days,  when  the  mass. is 
triturated  in  a  wooden  mortar  or  between  stones.  The  pulp  is  then 
exposed  to  the  sun  in  an  inclined  position,  so  that  the  exuding  oil  can 
drain  off.    A  more  advanced  process  is  to  boil  the  mass. 

A  specimen  from  Trinidad,  examined  by  Leering,  had  the  acid 
value  22-6  ;  the  melting  point  of  the  insoluble  fatty  acids  was  38-9°  C. 
The  numbers  hitherto  published  are  collated  in  the  table  p.  505. 

'  The  observations  were  made  by  Dr.  Pickles  in  the  Imp.  Inst. 

^  Flora  of  Tropical  West  Africa,  vol.  i.  p.  336.  Cp.  Seinler,  Die  tropixsche 
Agrikultur,  vol.  ii.  \>.  451.  I 

^  Cp.  Drabble,  Quarterly  Journal  Institute  of  Commercial  Research  in  the  Tropics 
(Liverpool  University),  vol.  iii.  No.  6,  p.  21. 

*  Lewkowitsch,  Analyst,  1908,  184. 
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Grimme  ^  obtained  by  extraction  with  etber  only  31-54  per  cent  of 
oil  from  tbe  kernels  equal  to  22-84  per  cent  of  the  total  seed.  Sjmnk- 
meyer  and  Biedrichs,^  on  the  other  hand,  extracted  by  means  of  ether 
52-9  per  cent  of  oil  from  an  old  sample  of  seed.  The  oil  contained  7-8 
per  cent  of  free  fatty  acids.  The  figures  of  these  observers  are  collated 
in  the  following  table  : — 


Sprinkmeyer  and  Diedrichs  Ether 

GTiMTne  Ether 
Extract. 

Extract. 

I.  Crude. 

II.  Crude. 

I.  Neutral- 
ised. 

Specific  gravity  at  15-5°  C. 

0-9238 

Solidifying  point 

8-9 

32-3' 

Melting  point 

37-53 

Saponification  value  . 

201-2 

194-90 

195-15 

194-80 

Iodine  value 

56-8 

58-90 

58-49 

64-9 

Acid  value  .... 

5-3 

16-48 

75-32 

Refractive  index  at  40° 

1-4686 

53-0 

50-0 

51 -7 

Unsaponifiable,  per  cent  . 

0-97 

0-40 

Reichert-Meissl  value 

2-53 

2-30 

Insoluble  volatile  acids 

0-4 

0-5 

Chateau  *  discriminated  as  two  separate  oils  "  Carapa  oil  "  (from 
C.  guianensis)  and  "  Touloucoima  oil  "  {G.  touloucouna) .  This  dis- 
tinction had  been  emphasised  by  HecJcel.^  In  the  following  tables  the 
numbers  given  by  him  are  collated. 


Carapa  Seeds. 

Touloucouna  Seeds. 

SheUs  .... 
Kernels  .... 

Per  cent. 
24 

76 

Per  cent. 
28-75 

71-25 

1  Chein.  Revue,  1910,  179.  • 

2  Zeits.  f.  Unlers.  d.  JS'ahrgs-  m.  Oenussm.,  1912,  592. 
Polensky's  method. 

^  Les  Corps  gras  induslriels,  Paris,  1863,  p.  293. 

^  Les  Oraines  grasses  nouvelles  ov,  peu  connues  des  eolonies  frangaises,  Paris,  1902, 
p.  141. 
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Ciirapa  Oil. 

Touloucouna  Oil. 

Yield  of  oil  from  the  total  fruit 
Specific  gravity  at  15°  C.  . 

Yield  of  fatty  acids  by  "saponification  process" 

Solidifying  point  of  these  acids 

Yield  of  fatty  acids  by  distillation  process 

Solidifying  point  of  these  acids 

Yield  of  solid  fatty  acids  by  "  sa.ponification 

Solidifying  point  of  these  acids 

Yield  of  solid  fatty  acids  by  "distillation  process" 

Solidifying  point  of  these  acids 

Yield  of  glycerin  

24 '60  per  cent 

34°'C. 
94 '9  per  cent 

36-2°  C. 
S6"3  per  cent 

39-2°  C. 

43  per  cent 
53°  C. 
49 '28  per  cent 
49°  C. 
9 '3  per  cent 

43 '46  per  cent 
0  932 
30°  C. 
93  '27  per  cent 
32 -65°  C. 
83  per  cent 
39°  C. 

27 '25  per  cent 
51°  C. 
48  per  cent 
48°  C. 
10 '58  per  cent 

These  numbers  appear  to  refer  to  experiments  carried  out  on  a 
manufacturing  scale  in  candle  works.  The  differences  shown  do  not, 
however,  in  the  author's  opinion,  establish  a  definite  distinction  between 
the  two  oils,  and  in  view  of  the  uncertainty  attaching  to  the  origin 
and  to  the  original  condition  of  the  fats,  especially  having  regard  to  the 
conflict  of  opinions  on  the  part  of  expert  botanists,  the  author  does  not 
consider  that  there  is  sufficient  justification  for  considering  "  carapa 
oil "  and  "  touloucouna  oil  "  as  two  different  individuals.  Moreover, 
the  name  "  touloucouna  "  seems  to  be,  if  not  a  corruption  of  the  name, 
at  least  of  the  same  origin  as  that  of  talloconah,  a  native  name  in  British 
Guiana  for  the  carapa  tree,^  known  there  also  as  "  crab  "  and  "  corap." 

Dawe  (of  the  Forestry  Department)  discovered  a  new  species  of 
Carapa,  which  has  been  named  Carapa  grandiflora,  Sprague.  The 
author  received  a  considerable  quantity  of  the  nuts  from  the  Imperial 
Institute,  and  examined  the  oil  obtained  from  them. 

Oil  from  Carapa  Grandiflora  ^ 

A  large  portion  of  the  kernels  were  mouldy,  and  in  several  lots  of 
nuts  amounting  to  about  10  pounds  each  the  good  kernels  and  shells 
were  determined  quantitatively  with  the  following  result  : — 

Good  kernels  36-3  to  42-1  per  cent ;  bad  kernels  25  to  22-3  per  cent ; 
shells  38-7  to  35-6  per  cent.  The  good  kernels  yielded  on  extraction 
with  ether  30-26  per  cent  of  oil. 

The  large  quantity  at  the  author's  disposal  permitted  the  preparation 
of  cold-pressed  oil,  hot-pressed  oil,  and  cake  on  a  semi-large  scale.  For 
the  preparation  of  the  hot-pressed  oil  good  kernels  were  selected, 
comminuted  in  a  manner  simulating  the  operations  on  a  large  scale, 
and  expressed  in  the  cold  in  a  hydraulic  press  at  a  pressure  of  150 
atmospheres.  The  amount  of  cold-pressed  oil  so  obtained  was  over 
10  per  cent  of  the  raw  material.    The  cold-pressed  cakes  were  then 

1  Malouay,  S/ceich  of  the.  Forestry  of  West  Africa,  p.  296. 
*  Lcwkowitsch,  Analyst,  1908,  186. 
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broken  up  comminuted  and  heated  to  150°  F.  when  tliey  were  again 
expressed  m  the  hot  press  at  a  pressm-e  of  150  atmospheres.  Thus  a 
fui-ther  quantity  of  hot-pressed  oil,  amounting  to  almost  double  the 
quantity  obtained  by  cold  expression,  was  recovered.  Quantitative 
recovery  of  the  oil  was,  of  coui-se,  out  of  the  question,  and  the  cakes 
finally  obtained,  contained  much  more  oil  than  would  be  left  in  a 
commercial  oil  cake. 

The  cold-pressed  oil  as  also  the  hot-pressed  oil  were  examined  side 
by  side  with  the  result  set  out  below.  The  colour  of  the  cold-pressed 
oil  is  almost  white  with  a  tinge  of  pale  yellow.  At  the  ordinary  tem- 
perature it  soUdifies.  The  hot-pressed  oil  is  much  darker  in  colour, 
and  remains  solid  at  the  ordinary  temperature. 


Oil. 

Cold  pressed. 

Hot  pressed. 

Specific  gravity  at  40°  C.  (water  at  40  =  1) 
Specific  gravity  at  15-5°  C.  (water  at  15-5  =  1)  . 
Solidifying  jjoint  ....... 

Melting  point  \ 

Saponification  value  ...... 

Iodine  value  ... 

Reichert-Meissl  value  

TJnsaponifiable  matter,  per  cent  .... 

0-9171 
0-9261 
8°  0. 
15-23°  C. 
198-1 
83-7 
3-75 
3-75 

0-9215 
0-9306 
10°  0. 
20-30°  C. 
201-8 
72-6 
3-83 
1-59 

Insoluble  Fatty  Acids. 

Cold  pressed. 

Hot  pressed. 

Fatty  acids +  unsaponifiable,  per  cent 
Solidifying  point  (Titer  test),  °  C.  . 
Neutralisation  value  ...... 

Mean  molecular  weight  of  the  fatty  acids 

94-03 
34-9 
202-3 
277-3 

92-93 
38-9 
202-4 
277-1 

The  insoluble  fatty  acids  consisted  of 


Cold  pressed. 

Hot  pressed. 

"Liquid"  acids  (yielding  ether-soluble  lead  salts), 

72-82 

64-62 

"  Solid  "  acids  (yielding  ether-insoluble  lead  salts), 

26-47 

34-93 

Iodine  value  of  liquid  fatty  acids  .... 

94-74 

94-71 

Iodine  value  of  solid  fatty  acids  .... 
"Solid"  acids  yielded    "stearic  acid,"  melting 

8-8 

9-97 

point  65-6°  C,  per  cent  

3-15 

6-6 

The  cold-pressed  oil  rotated  the  plane  of  polarised  light  2°  4'  to  the 
left  in  a  100  mm.  tube  (the  rotation  is  very  likely  due  to  the  presence 
of  a  resin). 


The  oils  as  also  the  cake  have  an  intensely  bitter  taste,  which  seems 
to  be  characteristic  of  all  the  oils  derived  from  the  seeds  of  the  Carapa 
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family  Hence  the  oil  is  unfit  for  edible  purposes.  Carapa  oil  is  used 
in  Brazil,  Guiana,  the  West  Coast  of  Africa,  India,  and  the  Moluccas, 
as  an  ointment,  to  protect  the  natives  against  the  attacks  of  msects 
and  for  burning  purposes.  The  statement  that  carapa  oil  is  exported 
fi-om  South  America  into  England  and  France  for  soap-makmg  purposes 
requires  confirmation.  From  notes  occurring  m  the  literature  on  this 
subiect,  and  from  private  information  given  to  the  author,  it  appears 
that  seed  from  G.  touloucouna  was  expressed  in  Marseilles  on  an  experi- 
mental scale  some  time  ago,  but  at  present  no  seeds  are  being  imported 
into  France  The  cake  so  obtained  was  stated  to  contain  27-3  per  cent 
of  nroteids  The  commercial  value  of  the  kernels  must  depend  upon 
the  use  that  can  be  made  of  the  cakes.  If  the  bitter  principle  in  the 
cakes  precludes  their  use  as  cattle  food,  they  can  only  be  sold  as  manure, 
and  their  value  would  then  be  low. 


NUX  VOMICA  FAT 

French— HwiZe  de  noix  vomique.  Geim&n—Strychnusdl, 
Brechnussol.    Italian— Olio  di  noce  vomica. 
For  tables  of  characteristics  see  p.  510. 

This  fat  is  obtained  from  the  seeds  of  Strychnos  nux  vomica  L 
by  extraction  with  ether.  The  alkaloids  strychnine  and  brucme  which 
form  3-18  per  cent  of  the  crude  fat  {Schroeder  ^)  are  extracted  together 
with  the  fat ;  they  are  removed  by  washing  the  crude  extract  with 
dilute  acid.  The  yield  of  fat  from  the  seeds  is,  accordmg  to  Harvey 
and  Wilkie,^  about  4  per  cent  (4-2  per  cent  (Schroeder)). 

The  export  of  nux  vomica  seeds  from  India  is  given  m  the  following 
table  : — 


1910. 

1911. 

Cwts. 

Cwts. 

Madras 

34,767 

39,537 

Bengal 

3,878 

10,473 

Bombay  . 

1,309 

1,308 

The  total  yearly  production  throughout  India  is  estimated  at 

2000  tons.  .  ,  11     •  1 

The  fat  is  slightly  fluorescent  in  its  melted  state  ;  it  has  a  yellowish- 
brown  colour,  an  unpleasant,  but  not  bitter,  taste  and  a  characteristic 
odour.  The  fat,  prepared  as  above  described,  contams  a  considerate 
amount  of  unsaponifiable  matter  ;  12-12-4  per  cent  {Harvey  and  Wilhe), 
16-93  per  cent  {Schroeder).  In  agreement  herewith  the  saponification 
value  is  low.  The  solid  fatty  acids  determined  in  one  specimen, 
amounted  to  24-2  per  cent,  and  the  liquid  acids  to  58-4  per  cent  {Harvey 
and  Wilkie).  According  to  Schroeder  the  fat  contains  8-6  per  cent  ot 
solid  glycerides  (palmitin  and  arachin)  and  74-5  per  cent  of  olein. 
1  Arch.  d.  Pharm.,  1905  (243),  635.  ^  Journ.  Hoc.  Chem.  Ind.,  1905,  718. 
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The  unsaponifiable  matter  of  the  specimen  exammed  by  Harvey 
and  Willie  had  the  iodine  value  89-1,  therefore  the  lodme  va  ue  of  the 
true  fat  would  be  somewhat  lower  than  73-8.  The  acetyl  value  of  the 
unsaponifiable  matter  was  found  to  be  105-9  ;  it  had  the  specific  rotation 
in  chloroform  solution +  39°.  (As  phytosterol  is  Isevorotatory  there 
must  be  present  a  substance  of  high  dextrorotatory  power. )  Hetduschka 
and  Wallenreuter^  separated  the  unsaponifiable  matter  mto  two 
fractions  by  means  of  their  acetates.  To  the  first,  melting  at  121  0., 
they  ascribe  the  formula  C^oH^oO^.  The  second  which  melted  at 
221°  C,  they  gave  the  formula  C32H54O2.  After  hydrolysis  the  meltmg 
points  were  99°  and  186°  C.  respectively. 

BAOBAB  OIL — KENIALA  OIL — FONY  OIL 

French— i?MiZe  de  laohab  {huile  de  reniala  ;  Mile  defony). 
Gevman—Baoiabol ;  Affenbroibaumol.    ItaR&n— Olio  di  baobab 

Physical  and  Chemical  Characteristics  of  Baobab  Oil  


Source. 


Adansonia  digitata 


Adansonia  Grandidieri 


1 

1 

Specific 
Gravity 
at  10"  C. 

Solidi- 
fying 
Point. 
"C. 

Melting 
Point. 
°C. 

Saponi- 
fication 

Value. 
Mgrms. 

KOH. 

Iodine 
Value. 

Observer. 

0-915 

-f3  to 
-3 

... 

191-7 
191-5 

77'-'8 

Suzzi 
Bontoux 

0-915 
0-9187 

13 
11-12 

24 
24-25 

190-5 
190-5 
101-7 

190-92 
189-9» 

76-7 

76-  7 

77-  8 
56-8 
55-0  2 
53-93 

PeUy^ 

Mi'u'iau 
Bontou.x 

0-9190 
(20°) 

13 

20-21 

192-4 

65-66 

Tliomas 
and  Boiry 

Phjsical  and  Chemical  Characteristics  of  the  Insoluble  Fiitty^  Acids 


Source. 

Insoluble 
Acids 
+  Un- 
saponi- 
ruiljle. 

Per  cent. 

Solidi- 
fyinf! 
Point. 
°C. 

Melting 
Point. 

•c. 

Neutral- 
isation 
Value. 
Mgrms. 
KOH. 

iodine 
Value. 

Observer. 

Adansonia  digitata 
Adan.sonia  Grandidieri  . 

95-8 

95-5 
95-5 

34-32 

43"2 
44-2 

44 '5 

35-5-38-5 
5.5 
51-52 

197-5 

179-0-'' 

CO-67 

Suzzi 
Bontoux 
Milliau 
Boutoux 
Tlionias  . 
and  Boiry 

Liquid 
Falty 
Acids, 

97-6 

Millau 

1 

'  Archiv.  d.  /'harm. 
'  Extracted  oil. 


1912,  398. 


2  Expressed  oil. 
*  Journ.  Soc.  Chem. 


-   -  Ml/.,  1913,  778. 

"  TheHrimd"the  saponification  value  202-5,  showing  the  presence  of  notable  propor- 
tions of  lactones. 
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Baobab  oil  is  obtained  from  the  seeds  of  various  trees  belonging 
to  the  genus  Adansonia,  in  especial  from  Adansonia  digitata,  L.,  a 
tree  widely  distributed  over  tropical  Africa  ;  A.  Za}  Baillon  ;  A. 
madagascariensis,  Dr.  ;  A.  Grandidieri,  Baillon,  known  in  Madagascar 
as  Reniala  Fony  ;  A.  rubrostipa,  Jum.  et  Perr. ;  A.  alba,  Jum.  et  Perr.  ; 
A.  gregori  (Australia).  The  bark  of  the  tree  yields  a  material  used  for 
paper-making.  The  shape  and  the  size  of  the  fruits  of  the  different 
species  and  their  seeds  and  the  proportions  of  fat  contained  in  them 
vary  considerably.  Thus  Balland^  obtained  fi-om  kernels  brought 
fi'om  Madagascar  63-2  per  cent  of  a  fat  melting  at  24°  C.  Seeds  obtained 
by  Suzzi  in  Erythrea  (Italian  Bast  Africa)  were  smaller  and  contained 
much  less  glycerides.  Whereas  the  seeds  examined  by  Balland  gave 
36-7  per  cent  of  shells,  Suzzi' s  specimens  yielded  only  20  per  cent. 
The  whitish  pulp  contained  in  the  Madagascar  seeds  yielded  by  expres- 
sion 39-02  per  cent  of  fat  (Milliau^).  Suzzi  ^  obtained  from  the 
kernels  of  the  Erythrean  seeds  32-7  per  cent  of  fat  of  an  oily  consistence. 

A  more  complete  survey  of  the  difference  presented  by  the  various 
seeds  of  Adansonia  species  is  given  in  the  following  table,  due  to 
Bontoux  ^  : — 


100  Seeds 

Shells. 
Per  cent. 

Kernels. 
Per  cent. 

Proportion  of  Fat  in 

Source. 

weigh 
(Grms.); 

Kernel.s. 
Per  cent. 

Whole 
Seed. 
Per  cent. 

Adansonia  digitata  (Senegal)  . 

Adansonia  Za  (Madagascar) 

Adansonia  madagascariensis 
(Madagascar) 

Adansonia  Grandidieri  (Mada- 
gascar) .... 

45-2 
48-5 

78-0 

117-0 

59-2 
52-2 

44-8 

32-8 

40-8 
47-8 

55-2 

67-2 

30-7 
34-3 

60-5 

63-5 

12-5 
16-4 

34-4 

42-6 

The  expressed  oil  has  a  golden-yellow  colour  and  a  pleasant  taste  ; 
the  "  Fony  oil  "  in  especial  has  a  very  pleasant  nutty  taste.  The  fats 
extracted  -with  carbon  bisulphide  have  a  red  colour,  which  seems  to  be 
due  to  traces  of  sulphur  contained  in  the  solvent,  for  in  the  Halphen 
test  (see  "  Cotton  Seed  Oil,"  p.  203)  all  the  oils  gave  a  strong  colouration, 
much  more  intense  than  that  obtained  with  cotton  seed  oil. 

1  Cp.  A.  Junielle  and  E.  H,  Perrier  de  la  Batliie,  Les  Matiwes  grasses,  1909,  1308, 
1343,  1509,  1627. 

2  Journ.  Pharm.  Chim.,  1904  (20),  529. 

3  Covipt.  rend.,  1904  (134),  808.  Agriculture  pratique  des  pays  chauds,  1904, 
p.  658. 

/  Semi  oleosi  e  gli  oil,  published  for  the  Milan  Exhibition,  1906. 
5  Lewkowitsch,  Technologie  el  analyse  chimiques  des  huiles,  graisses  et  cires,  traduit 
par  E.  Bontoux,  Paris,  vol.  ii.  908. 
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MARGOSA  OIL^ 
(VEEPA  OIL,  VEPPAM  FAT,  NEEM  OIl) 

Yrcnch—Huile  de  margosa  ;  huile  de  margosier.    German— Margosadl. 

Italian — Olio  di  margosa. 

This  oil  is  obtained  from  the  seeds  of  Melia  Azadirachta,  L {Aza- 
dirachta  indica,  Juss.),  a  large  tree,  40  to  50  feet  in  height,  growmg  m 
the  wild  or  (more  often)  cultivated  state  throughout  the  greater  part 
of  India  and  Burma.  .  „    .  t.7  t 

The  oil  has  been  described  somewhat  fully  m  the  Pharm.  Journ. 

by  Warden.^  ^  . 

The  specimen  of  fat  examined  by  the  author  was  sohd  at  the  ordmary 
temperature.    The  titer  test  of  the  insoluble  fatty  acids  was  42°  C. 

Fhysical  and  Chemical  Characteristics  of  Margosa  Oil 


Sijeciflc  Gravity. 

Saponili- 
cation 
Value. 

Iodine 
Value. 

Reicliert- 
Meissl 
Value. 

Refractive  Index. 

Observer. 

Butyro-refracto- 
meter  at  40°  C. 

Al°C. 

16 
(water  at 
16°  =  1) 

40 
(water  at 
40°  =  1) 

0-91423 
0-9023 

196-9 

69-6 

1-1 

"Degrees." 
52 

Lewko- 
witsch 

NIAM  FAT,^  MENI  OIL,  ZAWA  OIL  ^ 

French— Beurre  de  Mene  (Mem)  ;  graisse  de  Niam.  German— iVmm- 
fett.    Italian— (?rasso  dt  Niam. 

Niam  fat  is  obtained  from  the  fruits  of  Lofhi/ra  alata,  Banks  a  tree 
indigenous  to  Senegambia,  Sierra  Leone,  and  the  Egyptian  Soudan 
and  growing  profusely  along  the  West  Coast  of  Africa  fi'om  the  Senegal 
to  the  Congo.  This  tree  (amongst  others)  supplies  the  socalled  Afiican 
oak.  Specimens  of  undecorticated  seeds,  produced  m  Sierra  Leone 
were  submitted  to  the  author  by  the  Imperial  Institute,  together  vvith 
a  sample  of  oU  extracted  from  the  kernels  by  the  natives  m  the  Egyptian 
Soudan.'' 

'  Lewkowitsch,  Analyst,  1903,  342. 

"  This  must  not  be  confouiukil  with  Meha  Azedarach,  b. 

Sec  Watt's  Dictionary  of  the  Economic  Prodvcts  oj  jol.  v.  p.  /ii. 

Cp.  also  Lewkowitsch,  .lourn.  Soc.  Chevi.  Ind.,  190/,  12faJ. 
"  VernacuLiv  name  in  the  Egyptian  Soudan. 
'■'  IlidL  Imp.  Inst.,  1912,  226. 
VOL.  II  ^  ^ 
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0-9044 

0-9044 

0-9019 

0-9016 

181-5 

194-6 

180-7 

±00  0 

69-8 

70-3 

72-1 

72-5 

0-9 

0-9 

0-8 

0-8 

0-5 

0-86 

26-9 

33-2 

47-5 

48 

49-0 

47-0 

47-5 

48-5 

Fui-ther  specimens  of  Niam  fat  ^  furnished  the  following  character- 
istics : — 

Oil— 

Specific  gravity  at  40° 
Saponification  value 
Iodine  value  . 
Reichert-Meissl  value 
Unsaponifiable  matter 
Acid  value 
Fatty  Acids — 

Titer  test,  °  C.  . 

The  fruits  fi-om  Sierra  Leone  consisted  of  61-5  per  cent  of  kernels 
and  38-5  per  cent  of  husks.  Heckel  ^  obtained  from  the  fruits  from  the 
Gaboon  and  the  Congo  37  per  cent  of  husks  and  63  per  cent  of  kernels. 
Ether  extracts  fi-om  the  kernels,  together  with  the  fat,  a  black  resinous 
mass,  which  separated  out  from  the  oil  on  evaporating  ofE  the  ether. 
This  black  resinous  matter  amounted  to  0-8  per  cent  of  the  weight  of 
the  kernels.  The  fat  freed  from  the  black  resinous  matter  formed 
31-19  per  cent  of  the  kernels.  Therefore  the  yield  of  fat  from  the  whole 
seeds  amounts  to  19-18  per  cent.  It  represents,  at  the  ordinary- 
temperature,  a  soft  buttery  mass,  melting  at  24°  C. 

The  following  characteristics  of  the  fat  extracted  from  the  kernels, 
and  also  of  the  fat  prepared  by  the  natives  of  the  Egyptian  Soudan, 
were  determined  in  the  author's  laboratory  : — 


Fat  extracted  from 
Kernels. 

Fat  prepared  by 
Ifatives. 

Specific  gravity  at  40°  C.  (water 
at  40  =  1)  .... 

Acid  value  .... 

Saponification  value 

Unsaponifiable  matter  per  cent 

Iodine  value  .... 

Mean  molecular  weight  of  the 
fatty  acids  .... 

Solidifying  point  of  the  fatty 
acids  (Titer  test),  "  C. 

0-  9105 
18-54 

195-6 

1-  49 
■  68-4 

0-  9063 
5-78 

190-1 

1-  38 
78-72 

283-7 

42-5 

Edie  ^  resolved  the  insoluble  fatty  acids  by  the  lead-salt-ether 
method  into  solid  acids,  having  the  neutralisation  value  195  and  the 
iodine  value  22-5,  and  liquid  fatty  acids,  having  the  neutralisation  value 
196  and  the  iodine  value  134-5.  Picldes  and  Heyworth  *  identified 
among  the  solid  acids  arachidic  and  palmitic  acids,  and  showed  that  the 
liquid  acids  contain  oleic  and  linoUc  acids,  linolenic  acid  being  absent. 

In  West  Afi-ica  this  fat  is  known  as  "  Niam  fat  "  or  "  Meni  oil." 

1  Bull.  Imp.  Inst.,  1908,  244. 

-  Les  Graines  grasses  nouvclles  ou  peu  connues  des  colonics  frant^aiscs,  Paris,  p.  161._ 
"  Quart,  .hum.  Inst.  Comm.  Research  in  Tropics  (Liverpool  University),  1907, 
2,  124. 

*  Analyst,  1911,  494. 
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It  seems  preferable  to  adopt  the  name  Niam  fat.^  The  fat  has  an 
unpleasant  taste,  due  probably  to  the  small  quantity  of  dissolved  resin. 
Nevertheless,  the  natives  use  it  for  culinary  purposes  ;  it  is  also  used 
as  a  hair  oil.  In  the  Egyptian  Soudan  the  fat  represents  nearly  always 
1  clear  liquid,  melting  at  10-5°  C,  having  a  dark  colour  and  an  un- 
pleasant taste 

The  seeds  of  Lophira  procera  ("  Kaku")  obtained  from  the  Gold 
Coast  consisted  of  25  per  cent  of  shell  and  75  per  cent  of  kernels.  The 
kernels  yielded  55-3  per  cent  of  a  yellowish  solid  fat  similar  in  character 
to  the  fat  from  Lophira  alata} 


KADAM  SEED  FAT  ^ 

French— -Bettrre  de  Kaclam.  Gevman—Kadamsamenfett. 
Italian — Burro  di  semi  di  Kadam. 

This  fat  is  obtained  fi-om  the  seeds  of  Eodgsonia  (Trichosanthes) 
Kadam,  Miq.,  a  climbing  plant  belonging  to  the  CucurbitacecB,  and 
occm-ring  in  Padang  (Sumatra). 

Kadam  seed  fat  is  prepared  by  cutting  the  fi-uit  into  pieces,  drymg 
in  the  sun  for  a  couple  of  days,  and  then  expressing  in  bags. 

The  fat  has,  at  the  ordinary  temperatm-e,  the  consistence  of  butter  ; 
it  is  yellow,  non-drying,  and  odourless.  It  consists  of  80  per  cent  of 
triolein  and  20  per  cent  of  tripalmitin. 


Specific  Gravity. 

Melting  Point. 

Saponification  Value. 

Iodine  Value. 

At  15°  C. 

Observer. 

"C. 

Observer. 

Mgrms. 
KOH. 

Observer. 

Per  cent. 

Observer. 

0-919 

Sack 

21 

Sack 

197-6 

Niederstadt-* 

68-96^ 
66'* 

Sack  » 

Niederstadt 

MANI  OIL 

Yxench—Huile  de  graines  de  Mani.    German— ManioZ. 

The  oil  is  obtained  from  the  kernels  of  Symphonia  glohulifera,  L. 
fil"  (Moronobea  coccinea  Auhlel),  a  tree  reaching  a  height  of  25  to  35 
metres,  and  occurring  in  the  forests  of  French  Guiana  and  French 
Antilles  (Guadeloupe).  The  fruits  (with  shells)  from  Guiana  contain 
32-38  per  cent  of  fatty  matter,  the  kernels  alone  62-68  per  cent. 

1  Cp.  Schweinfarth,  Botcm.  Jirfjcb.  der  erstcn  Mam-mam  Jicise. 

Oorrlon  Memorial  College,  1908,  413  ;  cp.  also  Bull.  Imp.  Inst.,  1909,  d07. 

Sack,  Dc  Indische  Mcrcuur,  1903,  28  (April). 

Fat  obtained  from  Brazil. 
'  Calculated  by  the  author  from  the  uuinbors  given  in  the  original  paper. 
"  E.  Heckcl,  Les  Malieres  grasses,  1909,  1625. 
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The  kernels  are  ovoid  in  shape,  about  1-2  inches  long  and  |-1  broad. 
Their  inner  portions  are  mottled  yellowish  white  in  the  fresh  state,  but 
on  long  standing  they  become  dark.  This  is  caused  by  a  resinous 
substance  which  in  the  fresh  kernel  is  yellow,  but  becomes  oxidised 
on  exposure  to  the  air  (owing  to  the  presence  of  an  oxydase  and  a 
laccase  (?)  Heckel).  The  resinous  substance  can  be  separated  from  the 
fat  by  alcohol.  This  resin,  which  is  stated  to  form  30  per  cent  of  the 
fat  obtained  by  extraction  with  carbon  bisulphide,  does  not  appear 
to  pass  into  the  fat  on  extracting  the  kernels  with  petroleum  ether  to 
any  considerable  extent,  as  may  be  judged  from  the  following  numbers 
obtained  by  J.  E.  Southcombe.^  The  fat  so  prepared  had  a  dark  reddish 
colour,  an  acid  value  of  10-1,  and  contained  1-1  per  cent  of  unsaponi- 
fiable  matter.    The  following  characteristics  were  determined  : — 

Oil— 


Specific  gravity  at  99°-100°  C. 

0-8849 

Melting  point,  °  C.  . 

.  35 

Saponification  value  . 

.  194-6 

Iodine  value  .... 

.  64-2 

Eeichert-Meissl  value  . 

1-00 

Fatty  Acids — 

Insoluble  acids  +  unsaponifiable 

.  94-3 

Solidifying  point,  °  C. 

.  46 

Melting  point,  °  C.  . 

.  48-50 

Iodine  value  .... 

.  64-8 

The  oil  from  Symphonia  fasciculala,  Baillon,  examined  by  HecJcel,^ 
yielded  insoluble  acids  -f  unsaponifiable  95  per  cent,  and  had  a  melting 
point  49-7°  C. ;  it  also  yielded  10-26  per  cent  of  glycerine. 

The  oU  from  the  seeds  of  Symphonia  laevis  (yield  35-2  per  cent)  had 
an  iodine  value  of  66-7,  and  was  separated  by  the  lead-salt-ether  method 
into  40  per -cent  of  solid  and  60  per  cent  of  liquid  acids.  The  seeds  of 
Symphonia  louveli  yielded  40  per  cent  of  fat  on  extraction  with  petroleum 
ether,  very  similar  in  its  characteristics  to  the  fat  from  S.  laevis.^ 


KATIO  OIL* — KACHIAU  OIL — KATIAU  OIL 

Katio  oil  is  obtained  from  the  seeds  of  Bassia  Mottleyana,^  G.  B. 
Clarke,  a  tree  belonging  to  the  Sapotacece,  which  grows  in  abundance 
in  the  swamps  of  the  Sadong  and  Saribus  districts  of  Sarawak. 
A  sample  of  oil  prepared  by  Dyaks  gave  the  following  characteristics, 
which  are  contrasted  with  those  of  the  fat  extracted  fi-om  the  kernels 
in  the  Imperial  Institute  : — 


1  Journ.  Soc.  Ohem.  Ind.,  1909,  499. 

2  Ohcm.  Revue,  1909,  52. 

»  A.  Hubert,  Bull.  Soc.  Ohm.,  1913,  1039. 

•»  C.  J.  Brooks,  Analyst,  1909,  207. 

^  null.  Imp.  Inst..  1912,  549. 
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Specific  gravity  at  15-5° 
Solidifying  point,  °  C. 
Saponification  value 
Iodine  value 
Reichert-Meissl  value 
Butyro-refractometer  at  40°  C. 
Insoluble    fatty    acids +  unsa: 

(per  cent) 
XJnsaponifiable  matter 
Solidifying  point,  °  C. 
Melting  point,  °  C.  . 
Iodine  value 
Mean  molecular  weight 


ponifiable 


Native  Oil. 

Native  Oil. 

Oil  extracted 
in  Imperial 
Institute. 

0-917 
14 
189-5 

53-4 

191-5 

DO  VJ 

0-6 

191 
65 
0-8 

94-6 
0-41 
36 
37-5 
o2-5 
285 

96-0 
36-3 

36-4 

The  seeds  are  smaU,  oval,  brown  in  colour,  and  weigh  on  an  average 
0-391  erms.  The  total  seeds  contain  40  per  cent  of  oil.  ihe  fa-mt 
contains  inside  a  thin,  crisp,  easily  removable  sheU,  a  kernel  yieldmg 
4:7-5-51-3  per  cent  of  oU. 


mUKUSU  OIL 


This  oil  is  obtained  from  the  fruit  of  Machilus  Thunhergii,  S.  et 
Z  a  tree  belonging  to  the  Laumcece,  and  known  in  Japan  by  the 
name  Tabu-no-ki.  The  fruits  average  0-8  cm.  in  diameter  and  weigh 
about  0-22  grms.  each.  The  specimens  exanuned  contamed  4-28  per 
cent  of  moisture  and  65-09  per  cent  of  oil,  and  yielded  1-3  per  cent 
of  ash.  The  oil  has  a  brownish  colour  ;  at  low  temperatures  stearme 
is  deposited.    The  oil  gave  the  following  characteristics  :— 


Specific  gravity  at  25°  G. 
Acid  value 

Saponification  value  . 
Iodine  value  [Wijs)  . 
Refractive  index  at  25°  C. 
Reichert-Meissl  value  . 


0-  9347 
19-31 

241-39 
66-08  per  cent 

1-  4646 

2-  05 


PAYENA  OIL,  KANSIVE  OIL 


This  oil  is  obtained  from  the  seeds  of  Pmjena  oleifera,  a  tree  known 
in  Burma  as  "  kansive,"  and  belonging  to  the  natural  family  of  Bassia. 
The  following  characteristics  were  ascertained  by  D.  Hooper  and  by 
Menon  : — 


'  Tsujimoto,  Joiim.  College  of  Eng.  Tokyo,  1908,  87. 
Priviito  commiinicatioii  to  tlio  author. 
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Fair— 

Specific  gravity  at  30°  C.  .  .  . 
Saponification  value  .... 

Iodine  value  

Acid  value  

Fatty  Acids — 

Insoluble  acid  +  sunsaponifiable  (per  cent) 
Melting  point  


Hooper. 


0-915 
198-9 
63-4 
26-2 


94-5 
38°  C. 


MenoD. 


184-5 
58-62 
53-9 


The  insoluble  fatty  acids  pelded  35  per  cent  of  ether-insoluble  lead 
salts  ;  the  melting  poiat  of  the  fatty  acids  liberated  from  these  salts 
was  55°  C. 

Kansive  oil  is  used  by  the  inhabitants  of  Burma  for  edible  and  other 
purposes. 


MOWRAH  SEED  OIL,  MOHWRAH  BUTTER,  MAHUA  BUTTER 

French — Huile  de  Mohwrah,  Huile  cle  Mahwrah.  German — Mowrah- 
huller,  MahwahbuUer,  Bassiaol.  Italian — Burro  di  Moora. 

For  tables  of  characteristics  see  pp.  519,  521. 

Mowxah  seed  oil  is  the  fat  obtaiued  from  the  seeds  of  Bassia 
latifoUa,  Roxb.  =  Illipe  latifolia  (Roxb.),  Bngler  =  5assm  villosa, 
Wall.,1  a  tree  widely  distributed  in  the  Northern  Provinces  of  India, 
and  especially  in  Bengal. 

The  seeds  are  smaller  still  than  those  of  the  B.  butyracea ;  on  an 
average  one  seed  weighs  0-64  grms.  The  kernels  form  72  per  cent  of 
the  total  seed. 

The  fa,t  extracted  with  petroleum  ether  had  saponification  value 
184:-5,  iodiue  value  58-62.  After  the  seed  had  been  extracted  with 
petroleum  ether,  extraction  with  common  ether  yielded  a  resiaous 
matter  having  the  saponification  value  222-6. 

The  tree  is  frequently  cultivated  in  Bast  India.  This  tree  gradually 
disappears  towards  Calcutta,  and  is  only  sparingly  met  with  in  the 
Madras  Presidency,  its  place  being  taken  by  Bassia  longifolia  (see  p. 
522).  It  should  be  noted  that  m  India  the  Mahua  or  butter  tree  is 
also  known  as  "  Illipe  butter  tree,"  the  vernacular  names  being  (amongst 
many  others),  Illipi,  Elupa,  Kat  illipi.  The  buds  yield  a  large  proportion 
of  invert  sugar.  The  seeds  contain  50-55  per  cent  of  fat.  In  the  fresh 
state  the  fat  is  yellow ;  on  exposure  to  the  air  the  colom'iag  matter  is 
bleached.  The  oil  can  also  be  bleached  chemically,  as  has  been  done 
by  the  author  on  a  large  scale  by  a  special  process. 

Mowrah  seed  oil  has  a  bitter  aromatic  taste,  and  a  characteristic 
odom-  recaUing  that  of  cacao  beans.  The  commercial  samples  contain 
considerable  quantities  of  free  fatty  acids,  the  crystals  of  which  can 
be  recognised  under  the  microscope.     The  chief  constituent  of  the 

'  Cp.  Les  VlgUaux  utiles  de  I'Afrique  iropicale  franfuise,  fascicule  ii.,  par  Eni. 
Perrot.    Pari-s,  1907. 
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solid  fatty  acids  is  palmitic  acid.  A  number  of  samples  examined  i^n 
the  author's  laboratory  contained  17-2-20  per  cent  of  free  fatty  acids 
and  2-34:  per  cent  of  imsaponifiable  matter. 

Crossley  and  Le  Sueur  have  examined  a  number  of  genume  speci- 
mens, obtained  from  official  sources  in  India,  where  this  fat  is  largely 
used  for  edible  purposes.  Their  results  are  reproduced  m  the  toUow- 
insc  table  : — 


No. 


Origin. 


Bengal 
Madras 


North-West  Provinces 
Central  Provinces  . 
Calcutta  . 
Bombay  . 


^  c 


0-S975 
0-8962 
0-8981 
O-S970 
0-S9C4 
0-8969 
0-8971 
0-8943 
0-8980 


24-  5 
26-0 

25-  0 

26-  5 
29-0 

23-  0 

24-  0 

25-  5 
24-0 


11 -V9 
19-15 
10-33 
4-83 
8-67 
21-20 
17-05 
70-82 
6-83 


%> 
p. 

OS 

m 


194-00 

192-  60 
191-80 
190-90 

187-  40 

189-  50 

188-  80 

193-  20 

190-  50 


62-  11 
64-88 
67-85 
58-53 
58-45 

63-  51 
63-01 
58-69 
53-43 


0-44 


in  S. 

s.  g 

i— .  m 


o  XL 
a  to 

en 


35 


Viscosity. 


0-88 


94-95 

61-8 


94-69 


52-4 


a:  ^ 
CO 


Is 


97-1 

93-8 
96-9 
107-0 
100-6 
93-9 
96-7 
90-4 
96-9 


4-24 
4-10 
4-23 
4-67 
4-39 
4-10 
4-22 

3-  95 

4-  25 


Mowrah  seed  oil  is  an  important  article  of  commerce.  In  India 
it  is  employed  for  various  technical  purposes,  and  under  t^e  name 
Bolia  oil  fills  the  place  of  taUow  where  the  religious  tenets  forbid  the 
employment  of  the  latter.  Under  the  name  Me  oil  it  is  apphed  ex- 
ternally in  the  treatment  of  sldn  diseases. 

The  table  given  below  shows  the  exports  of  Mowrah  seeds  from 
British  India  to  the  following  countries  :— 


Export  of  Mowrah  Seeds  for  the  Years  1900-1912 


Year. 

Germany. 

Prance. 

Belgium. 

United 
Kingdom. 

Other 
Countries. 

Total. 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

2,200 
5,057 
155,464 
126,780 
274,888 

80,320 
5,700 

110,853 
31,386 
71,400 

115,697 
49,360 
32,877 

140,661 
61,012 
7,8,821 
22,085 
31,518 

18,147 
5,261 
25,898 
26,262 
58,648 
48,581 
11,667 
6,697 
88,746 
57,490 
70,898 
39,567 
73,330 

1^426 
2,200 
3,225 
28,931 
52,289 
3,375 
64,922 
42,202 
2,533 
15,741 
3,046 

2,422 
26 
57,073 
40,707 
31,831 
12,209 
5,988 
7,470 
563 
400 
3,705 
3,184 
9,568 

100,889 
10,987 
195,250 
100,555 
165,104 
205,418 
119,304 
50,419 
297,092 
166,161 
311,421 
207,3.')7 
392,350 

The  imports  of  Mowrah  seed  oil  into  Germany  for  the  year 
from  Belgium  and  China  were  167  and  147  tons,  and  in  1912,  271 
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1050  tons  respectively.  Mowi-ah  seed  oU  is  used  in  candle-  and  soap- 
makmg.  Loch  i  recommends  to  prepare  the  fatty  acids  by  the  acidifica- 
tion process,  as  he  states  they  are  more  readily  crystaUised  than  those 
prepared  by  saponification  with  bases.  Mowrah  oil  cannot  be  used  as  a 
substitute  for  cocoa  nut  oil  in  soap-making  by  the  cold  process,  as  it 
saponifies  with  difficulty  with  strong  caustic  lye.  Its  soaps  are  easily 
salted  out.  The  mowi-ah  seed  cakes  are  poisonous,  and  can  only  be 
used  as  majiure,  although  attempts  have  been  made  to  render  them 
edible.2 

'  Die  Stearine-Fabrikalion,  1908,  9. 

23  Mfm1f°'?TS1'.,f^;'"-^A-"-  ■  ^^'-^^^  '  Monhaupt,  English  patent 

JiJ,5y&/]911  ;  United  States  America  patent  1,030,674. 
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GLYCERIDES  VEGETABLE  FATS 


Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Inso 
+  Un 

uble  Acids 
saponiliable. 

Solidifying  Point. 

Melting  Point. 

Iodine  Value. 

Per 
cent. 

Observer. 

°C. 

Observer. 

°0. 

Observer. 

Per 
cent. 

Observer. 

94-76 
94-69- 
94-95 

93-95 

Valenta 
Cross  ley 

and 
Le  Sueur 
Menou 

38 

Valenta 

89-5 

Valenta 

56-6 

Lewko- 
witscli 

The  samples  examined  by  Menon  yielded  13-25  per  cent  of  stearic 
acid.    Arachidic  could  not  be  detected. 


ILLIPE  BUTTER 

French— Sew-re  d'llUpe.  Gevm&n—IlUpe  Butter. 

Italian — Burro  di  IlUpe. 

For  tables  of  characteristics  see  p.  523. 

Illipe  butter  is  obtained  from  the  seeds  of  Bassia  longifoUa,  L.,i 
a  tree  indigenous  to  the  southern  part  of  India.  A  variety  of  this 
Bassia  is  known  as  Illipe  malabarica  in  the  Western  Ghats  from  Kanara 
to  Travancore  and  the  Himalayas,  where  the  tree  ascends  to  an  altitude 
of  about  4000  feet.  In  the  south  of  India  this  tree  is  known  as  the 
Mowa,  or  Mahua,  or  Mahwa  tree,  the  vernacular  names  being  (amongst 
many  others)  Illipi,  Elupa,  Ellupi,  Ilupai.  The  commercial  Illipe 
butter  is  frequently  a  mixtm-e  of  true  Illipe  butter  with  Mowrah  seed 
oil,  the  fat  from  Bassia  latifolia  (cp.  p.  518).  The  seeds  resemble  those 
of  Bassia  latifolia,  but  are  a  little  longer  and  less  rounded.  They 
contain  50-55  per  cent  of  fat.  In  Ceylon  the  oil  is  known  as  Me  oil. 
The  cake  obtained  there  by  pressing  the  seeds  is  exported  to  the  coast 
imder  the  name  "  arappo."  The  poonac  of  Bassia  longifolia  is  used  in 
India  as  an  unguent. 

Blumenfeld  and  Seidel  foimd  in  a  specimen  of  Illipe  butter  1-43  per 
cent  of  volatile  fatty  acids. ^ 

Illipe  seeds  are  imported  into  France  and  England,  where  their 
fat  is  used  in  candle-making.  According  to  Sachs,^  Illipe  butter  is  also 
employed  as  a  chocolate  fat.  The  cake  is  poisonous,  and  can  only  be 
used  as  manure. 

^  Les  Vegelaux  utiles  de  VAfrirpie  iropicale  frangaise,  fa.sciculo  ii.,  i)ar  Em. 
Perrot.    Pari.s  1907. 

Mitth.  d.  k.  k.  technolog.  Oewerbe- Museums,  10,  160. 
'  Ghem.  Revue,  1908,  8. 
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A  sample  examined  by  Menon  yielded  12-20  per  cent  of  stearic  acid. 
Arachidic  acid  was  absent. 


CHAMPACA  FAT 

French— Sewre  de  Champaca.  Gevman—ChampacafeU. 

This  fat  is  obtained  in  the  Dutch  Indies  from  Melia  Ghampaca. 
It  is  stated  by  Sack  ^  to  consist  of  70  per  cent  of  triolein,  and  30  per 
cent  of  tripalmitin. 


Physical  and  Chemical  Characteristics  of  Champaca  Fat 


Specific  Gravity. 

Melting  Point 
°C. 

Iodine  Value. 

0-903 

44-45 

60-252 

SHEA  BUTTER,  BAMBUK  BUTTER,  KARITE  OIL,  GALAM  BUTTER 

French— 5ewre  de  Karite^  Beurre  de  Ce,^  Beurre  de  Shee,^  Huile 
de  Karite.  German — Sheabutter,  SchibiMer,  Galambutter.^  ItaHan— 
Burro  di  Seha. 

For  tables  of  characteristics  see  p.  528. 

This  fat  is  obtained  from  the  seeds  of  Bassia  Parkii,  De  C.  (Hassk), 
(Butyrospermum  Parkii  (G.  Don)  Kotschy),  a  tree  belonging  to  the 
SapotacecB.^ 

The  Karite  tree,  vernacular  names  "  Kade  "  (Haussa),  "  Kedemp6  " 
(Kachi),  "  Krankee,"  resembling  in  appearance  the  American  oak,  and 
growing  to  a  height  of  about  40  feet  and  having  a  massive  trunk,  occurs 
in  enormous  quantities  on  the  West  Coast  of  Africa  and  in  the  French 
and  Enghsh  Soudan.  It  is  especially  widely  distributed  in  the  middle 
basin  of  the  Niger,  and  is  as  characteristic  of  the  regions  of  the  middle 
Niger  as  is  the  palm  tree  of  the  lower  reaches  of  the  river  and  of  the 
coast  lines.    Owing  to  the  wide  distribution  of  the  tree,  from  the  West 

1  De  Indische  Mercuur,  1903,  April  28. 

^  Calculated  by  the  author  from  the  percentage  of  olein. 

^  The  uaine  "Karite"  is  the  vernacular  witli  the  Ouoloflf  and  Toucouleur  tribes, 
whilst  the  Bambaras  and  Maliuke  trilies  term  it  Ce  or  Se. 

Under  the  name  Galament  there  is  also  known  the  nut  derived  from  Allanblackia 

Jlnrihunda. 

^  Cp.  Les  VegHaux  utiles  de  I'Afrique  Iropicalefranfaise,  fascicule  ii.,,par  Em.  PeiTot. 
Paris,  1907. 
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Coast  of  Africa  to  the  Egyptian  Soudan,  the  different  specimens  of  nuts 
and  fats  exported  to  Europe  show  some  characteristic  differences,  as  the 
author  has  ascertained  by  examining  a  large  variety  of  shea  nuts.  The 
tree  growing  in  the  Nile  basin  appears  to  constitute  a  special  variety, 
which  is  known  as  niloticum  {Kotschy  and  Chevalier);  the  Dahomey  tree  is 
described  as  var.  Poissonii  (Chevalier),  whilst  the  most  widely  distributed 
tree  is  known  as  var.  mangifolium  {Pierre  and  Chevalier).  The  distinction 
made  in  commerce  between  shea  nuts  and  karite  nuts  does  not  appear 
to  be  substantiated  by  an  actual  difference  in  the  nuts,  as  the  Lagos 
shea  nuts  exported  into  the  French  colonies  are  re-exported  under  the 
name  karite  nuts.  Although  shea  butter  has  been  known  for  a  long 
time,  the  first  specimens  of  the  nuts  having  been  brought  home  by 
Mungo  Park,  the  first  shipment  on  a  commercial  scale  came  to  Europe 
only  in  1877.  Some  attention  is  at  present  being  paid  to  the  com- 
mercial exploitation  of  shea  butter.  According  to  the  Colonial  Eeport 
on  Southern  Nigeria  (Lagos)  25  tons  of  shea  butter  were  exported 
in  1904,  whereas  in  1905,  131  tons  were  brought  by  railway  from  the 
up  coimtry.  In  1906  there  were  exported  1364  tons  of  shea  nuts 
(valued  at  £12,118)  and  363  tons  of  shea  butter  (valued  at  £6000). 
The  bulk  of  this  is  shipped  to  the  French  West  African  colonies.  The 
exports  of  shea  butter  from  Togo  passed  formerly  (up  to  1901)  through 
the  Gold  Coast.  Since  1902  the  shea  butter  is  shipped  to  Europe 
direct. 

The  nuts  have  the  size  and  shape  of  an  ordinary  plum.  The  outer 
sheU  of  some  specimens  is  covered  with  fine  fibres,  whereas  the  shell 
of  nuts  coming  from  the  middle  Niger  district  proper  presents  the 
appearance  of  a  polished  surface.  In  some  specimens  the  kernel  has 
a  smooth  integument,  in  others  the  kernel  is  covered  by  a  thin  layer 
of  fibre.  The  proportion  of  fat  in  the  kernels  varies  within  wide  limits 
according  to  the  origin  of  the  seeds.  In  the  following  table  I  collate 
some  recently  published  numbers  obtained  by  several  investigators  ; 
to  these  are  added  three  determinations  made  in  the  author's  laboratory 
with  nuts  from  authenticated  sources. 
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Desoriptiou. 

Source. 

one  US. 
Per 
cent. 

Kernels. 
Per 
cent. 

Per. 

centage 
of  Fat  in 
Kernels. 

Observer. 

Karit6  nuts 
Shea  butter  nuts 

1 1 
)  1 
f  1 

T  1 
1  t 
1  1 
1  f 
}| 

West  Africa 
? 
? 

Southern  Nigeria 
(Oloke  Meji  Reserve) 
Northern  Nigeria 
Egyptian  Soudan 
(•'Lulu"  nuts) 

M               »  >               1  ) 

Tungba  (from  Lagos) 

Bomo 
Imported  nuts 
Kiln-dried  nuts 
"  Giddamchi "  7 
"Eka 

29 

58-9 
32-5 

31-0 

71 ' 

41-14 

67-5 

69-0 

44 

53-  5 

51-  5 

34-  0 

35-  96 

47-  82^ 

44  0 

57-0 

54-  4 

48-  0 
41-4 
^6-2 
48-6 

52-  4 

Schindler 

and 
Waschata ' 
Drabble  a 

>1 
J' 

Lewko- 
witscli  ^ 

ji 

Gordon  Mem- 
orial College 
Imperial 
Institute  ^ 

)  > 
1  i 

Exports  of  Shea  Nuts  and  Shea  Butter  from  Nigeria 


Year. 

Shea  Nuts. 

Shea  Butter. 

Tons. 

Tons. 

1908 

3967 

320 

1909 

9728 

309 

1910 

4464 

340 

1911 

3629 

248 

1912 

7756 

180 

1913 

9420 

120 

Older  statements  with  regard  to  the  yield  of  fat  fi-om  the  seeds  refer 
to  iadividual  specimens  only,  and  have  therefore  no  general  significa- 
tion. Nor  can  the  statement  in  older  text-books  that  shea  butter  is 
characterised  by  a  grey  or  greyish-white  colour  be  maintained. 

The  fat  is  extracted  by  th-e  natives  by  pounding  the  kernels  and 
boiling  the  paste  with  water.  The  fat  rises  to  the  surface  and  is 
skimmed  off  into  large  calabashes,  in  which  it  is  carried  to  the  river, 
where  traders  collect  it  and  take  it  down  to  the  coast. 

*  Zeiischr.  f.  angeiu.  Gliem.,  1905,  305. 

2  Quart.  Journ.  Inst.  Comm.  Research  in  tlie  Tropics  (Liverpool  University),  1900, 
i.  67.  ^  Unpublished  determinatious. 

*  In  this  case  the  nuts  were  stiU  covered  with  the  fibrous  layer.  The  percentage  of 
kernels  calculated  to  the  smooth  nuts,  freed  from  the  fibrous  layer,  would  be  51  -4.  Tlie 
58-9  per  cent  in  the  above  table  represent  therefore  shells  aiul  fibrous  layers  added 
together.    The  latter  formed  about  20  per  cent  of  the  total  fruits. 

5  The  kernels  of  another  specimen  of  Lulu  nuts  yielded  (in  the  Imperial  Institute) 
47-2  per  cent  of  fat.  Bull.  Imp.  Inst.,  1909,  370. 

''  Northern  Nigeria.  The  nuts  range  from  1-5  to  2  '5  inches  in  length,  whereas  tlic 
"  Giddamclii  "  nuts  are  on  the  average  1-4  inches  long. 
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Little  care  being  taken  in  the  preparation,  much  of  the  shea  butter 
that  comes  to  Europe  has  a  grey  or  whitish-grey  colour  and  is  char- 
acterised by  a  strong  indiarubber-like  odour  and  taste.  More  care 
is  taken  by  the  natives  in  the  preparation  of  shea  butter  for  their  own 
pm-poses,  only  the  freshest  kernels  being  used.  The  fat  so  obtained 
is  made  up  into  cakes  and  wi-apped  round  with  leaves  to  prevent  it  from 
becoming  rancid.  Preserved  in  this  manner,  the  fat  will  keep  fi-esh 
for  several  months.  In  proof  of  the  statement  that  the  grey  colour 
must  not  be  considered  characteristic  of  shea  butter,  it  may  be  men- 
tioned that  a  number  of  shea  butters  extracted  in  the  author's  laboratory 
from  different  nuts  furnished  a  pale  yellow  fat  with  not  quite  so  pro- 
nounced an  indiarubber-like  taste  as  commercial  samples  possess. 
The  fat  expressed  in  this  country  from  shea  nuts  is  known  as  "  shea 
nut  oil."  The  press  cake  contains  only  1-5  per  cent  of  nitrogen  ;  its 
high  proportion  of  carbohydrates  renders  it  useful  for  making  "  com- 
pound "  cakes. 

Pfaff's  ^  statement  that  shea  butter  consists  of  tristearin  and  triolein, 
in  the  proportion  of  seven  parts  of  the  former  to  three  parts  of  the 
latter,  is  not  borne  out  by  the  iodine  values  ascertained  in  the  author's 
laboratory. 

The  author  has  therefore  examined  a  number  of  different  shea 
butters  with  a  view  to  determine  directly  the  percentage  of  stearic 
acid.  ^  This  was  found  to  vary  from  33-7  per  cent  to  37-3  per  cent. 

Hebert  2  examdned  a  sample  of  karite  seeds  and  obtained  the  follow- 
ing figures  : — 


Specific  gravity  at  32"  C.  . 

0-900 

Solidifying  point,  °  C.  . 

.  19 

Melting  point,  °  C.  . 

.  32 

Saponification  value  .... 

.  196 

Iodine  value  ..... 

.  69-6 

Reichert-Meissl  value  .... 

M 

Insoluble  acids  +  unsaponifiable  (per  cent) 

.  95-25 

The  sample  had  the  acid  value  7-7.  The  insoluble  acids  were 
separated  by  the  lead-salt-ether  method  into  33  per  cent  liquid  acids 
and  67  per  cent  soUd,  the  latter  having  the  melting  point  67-68°  0. 

From  the  fractional  precipitation  of  the  fatty  acids,  the  solid  acids 
appear  to  consist  of  arachidic,  stearic,  and  palmitic  acids. 

Southcombe  ^  examined  a  native-prepared  shea  butter,  having  the 
iodine  value  57-6,  by  separating  the  sohd  acids  from  the  liquid  acids 
and  fractionally  precipitating  the  former.  He  states  the  composition  of 
the  mixed  fatty  acids  to  be  as  follows  :— Oleic  acid  60  per  cent,  stearic 
acid  30-35  per  cent,  lauric  acid  3-4  per  cent ;  palmitic  acid  was  not 
identified.    The  iodine  value  of  the  liquid  acids  was  found  to  be  90-8. 

Shea  butter  plays  a  very  important  part  in  the  economy  of  the 
native  as  an  edible  fat,  as  a  burning  oil  (in  the  crude  native  lamp), 
and  for  cosmetic  purposes. 

'  Muapralt's  Chemic,  At\i  editiou,  vol.  iii.  p.  574. 
'■^  Les  Matures  f/rasses,  1911,  2170. 
3  Journ.  Soc.  Chan.  IiuL,  1909,  499. 
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According  to  the  state  of  freshness  of  tlie  fat  the  proportion  of  fi'ee 
fatty  acids  varies.  The  samples  examined  in  the  author's  laboratory 
had  acid  values  varying  fi'om  12-5  to  29.  The  saponification  value 
also  varies  considerably  in  different  specimens,  as  is  shown  by  the 
numbers  recorded  in  the  table  of  characteristics  under  the  heading 
"  saponification  value."  This  is  due  to  the  variation  in  the  amount 
of  unsaponifiable  matter,  which  in  the  different  specimens  examined 
by  the  author  was  found  to  be  from  3-6  to  9-7  per  cent.  The  unsaponi- 
fiable matter  seems  to  cause  the  indiarubber-like  smell  and  taste.  A 
process  for  the  isolation  of  this  substance  (shea  gutta  ?)  has  been 
patented  by  Roeca,  Tassy  and  Roux.^ 

The  considerable  amount  of  unsaponifiable  matter  in  shea  butter 
miUtates  against  its  being  used  for  soap-malring  purposes.  Its  india- 
rubber-Uke  taste  would  seem  to  preclude  the  hope  of  preparing  an 
edible  fat  from  shea  butter.^ 

)  Shea  butter  would  seem  to  form  a  good  raw  material  for  candle- 
making,  provided  the  fatty  acids  crystallise  readily.  Kassler  ^  obtained, 
by  hydrolysing  shea  butter  in  an  autoclave  under  a  pressure  of  9 
atmospheres  with  3  per  cent  of  magnesia,  92  per  cent  of  fatty  acids 
of  the  soUdifying  point  484°  C.  On  distUhng  the  fatty  acids  on  a 
large  scale,  the  samples  taken  from  the  condenser  during  the  first 
twenty-four  hours  had  soHdifying  points  from  48-9°  to  51-3°  C,  and 
iodine  values  from  4:7-03  to  51-32.  In  the  following  six  hours  of  the 
distillation  process  small  amounts  of  hydrocarbons  were  formed,  increas- 
ing from  0-34  per  cent  to  5-07  per  cent. 


NJAVE  OIL,  NJAVE  BUTTER,  NAEI  OIL,  NOUMGOU  OIL,  ADJAB  OIL 

French — Beurre  de  Njave  {Djave) ;  huile  de  Noumgou. 
German — Njave  Butter  ;  Njariol ;  Adjabfett ;  Jabifett. 
Italian — Olio  di  Njave. 

This  oil  is  obtained  from  the  seeds  of  Mimusops  Njave  or  Djave 
(Dc  Lanessan),  Engler  [Synonyms  are  : — Bassia  Djave,  De  Lanessan  ; 
Bassia  toxisperma,  Raoul ;  TiegJiemella  africana,  Pierre  ;  Baillonella 
toxisperma,  Pierre  ;  Baillonella  Djave,  Pierre  ;  TiegJiemella  Jollyana, 
Pierre],  a  tree  *  belonging  to  the  family  of  the  Sapotacece,  which  also 
includes  Bassia  Parkii,  yielding  the  shea  butter.  The  tree  is  indigenous 
to  West  Africa,  Cameroons,  Gaboon,  Nigeria,  and  furnishes,  like  most 
trees  belonging  to  the  Sapotacece,  gutta-percha  (cp.  "  Surin  Fat," 
below  ^).    In  the  Cameroons  the  tree  is  known  to  the  natives  as  "  Noum- 

•  French  patent  364,368  ;  German  patent  191,736.  Cp.  also  D.  Speuce,  Quarl. 
Journ.  Inst.  Comm.  Research  in  the  Tropics  (Liverpool  University),  1908,  61. 

^  At  the  Marseilles  Colonial  Exhibition  of  1906  there  was  exhiljited  an  edible  fat 
stated  to  have  been  prepared  from  shea  butter  and  having  the  melting  point  38-39°  C. 
The  author  was,  however,  not  afforded  an  opportunity  of  tasting  it. 

'  Seifensieder  Zeit.,  1902,  311. 
Les  VegUaux  utiles  de  l'j{frique  Iropicale  francaise,  fascicule  ii.,  E,  Perrot, 
Paris,  1907. 

Tlie  wood  is  known  in  conitnerce  as  Cameroon  mahogany. 
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gou,"  and  as  Adjab  or  Njabi,  and  in  Gaboon  as  "  Njave  "  or  "  Djave." 
The  fruits  are  termed  by  the  natives  "  Ourere."  In  the  Gold  Coast 
Colony  the  fruits  are  known  as  "  Bako  (Abeku)  Nuts  "  i  ("  Mahogany 
Nuts"). 

The  natives  (the  Jaundes  and  the  Ngumbas)  prepare  the  oil  by 
drying  the  seeds  over  fire  and  breaking  the  shell  with  stones.  The 
kernels  are  then  pounded  in  a  mortar  or  comminuted  by  rubbing 
between  stones.  The  mass  is  then  boiled  out  with  water,  the  fat  is 
skimmed  off  by  hand  and  fi-eed  fi'om  the  bulk  of  water  by  squeezing 
between  the  hands  and  then  subjecting  it  to  a  somewhat  stronger  pressm-e 
in  baskets,  by  heaping  stones  on  the  mass.  By  this  process  an  ex- 
tremely poisonous  saponin,^  contained  in  the  fresh  seeds,  is  completely 
removed,  so  that  the  fat  can  be  used  for  culinary  purposes.  The  press- 
cakes  (in  case  the  seeds  should  be  expressed  on  a  large  scale)  would 
retain  the  poisonous  substance  to  a  large  extent  and  hence  be  valueless 
as  a  feeding  cake.  Fickendey  states  that  the  saponin  can  be  removed 
completely  by  boiling  out  with  water.  Thereby  a  considerable  amount 
of  nutritive  substances  would  also  be  removed. 

The  weight  of  the  individual  nuts  varies  between  10  and  21-6  grms., 
one- third  of  which  is  made  up  by  the  shell.  The  kernels,  forming  from 
65  to  72  per  cent  of  the  nuts,  contain  43-64  per  cent  of  a  white  fat,  which 
is  solid  at  the  ordinary  temperature.^  The  highest  numbers  due  to 
Fickendey  ^  refer  to  fresh  nuts.  "  Stearine  "  commences  to  separate 
at  31°  C.  ;  at  19°  the  whole  mass  is  soUd.  The  specimen  of  Njave 
butter  examined  by  Wedemeyer  ^  had  imdergone  a  considerable  amount 
of  hydrolysis,  for  it  had  the  acid  value  38-1  ;  the  amount  of  insoluble 
fatty  acids unsaponifiable  was  therefore  somewhat  high,  viz.  96-1, 
of  which  the  unsaponifiable  matter  formed  3-66  per  cent.  The  specimen 
examined  by  Freundlich  *  had  the  acid  value  13-8  ;  and  the  amount 
of  unsaponifiable  matter  was  2-20.  The  specimen  examined  in  the 
Imperial  Institute  had  the  acid  value  25-3,  and  contained  2-6  per  cent 
of  unsaponifiable  matter ;  the  specimen  examined  by  Fickendey  had  the 
acid  value  18-2,  and  contained  2-56  per  cent  of  imsaponifiable  matter. 

The  following  characteristics  were  determined  by  the  observers 
named : — 


1  Catalogue  of  Exhibits  of  the  Gold  Coast  Colouy,  Franco-British  Exhibition,  1908. 

2  Fickeniley,  Der  Tropenpflamxr,  1910,  29. 
Chem.  Revus,  1907,  35. 

■*  Ibid.,  1908,  79  ;  106. 
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The  statement  made  by  Fickendey  that  Njave  nuts  are  poisonous  is 
controverted  by  Wagner  and  Oestermann?-  This  point  requires  further 
elucidation.  These  observers  found  2-56  per  cent  of  unsaponifiable 
matter  but  could  not  detect  phytosterol. 

The  oil  from  Dumoria  Heckeli  ^  is  described  by  Pierre  as  Tiegliemella 
Heckeliana,  and  renamed  by  Chevalier  "  Dumoria  Heckeli."  An  exam- 
ination on  a  large  scale  gave  the  following  result : — 


Yield  of  fatty  acids  by  saponification,  per  cent 

.  95 

Solidifying  point  of  same,  °  C.  . 

.  52-4 

Yield  of  "  saponification  stearine,"  per  cent 

.  55'30 

Solidifying  j)oint  of  same,  °  C.  . 

.  66 

Yield  of  fatty  acids  by  distillation,  per  cent 

.  91 

Solidifying  point  of  same,  °  C.  . 

.  56-8 

Yield  of  "  distillation  stearine,"  per  cent 

.  69-55 

Solidifying  point  of  same,  °  C.  . 

.  62-5 

The  cake,  according  to  Heckel,  is  extremely  bitter  and  contains  a 
very  low  proportion  of  nitrogen. 

A  specimen  examined  by  Hebert  ^  had  the  following  characteristics  : — 


Yield  of  fat  from  the  kernels,  per  cent  . 

.  40 

Yield  of  fat  from  the  seeds       „  ,, 

14 

Oil— 

Specific  gravity  at  15°  C.  . 

0-956 

Melting  point,  °  C.  . 

34 

Saponification  value 

.  188 

Iodine  value  .... 

.  56-4 

Acid  value  ..... 

5-6 

Fatty  Acids — 

Insoluble  acids  +  unsaponifiable,  per  cent 

.     96-8  ' 

Melting  pomt,  °  C.  . 

.  60 

AOUAEA  OIL — TUCUM  OIL* 


French — Huile  d'aouara,  Huile  de  Tucum.    German — Aouaraol, 
Tucumol.    Itahan — Olio  di  aouara,  Olio  di  tucum. 

This  oil  is  obtained  from  the  aouara  palm,  Astrocaryum  vulgare, 
Martens,  which  occurs  in  French  Guiana.  In  older  text-books  this 
oil  is  frequently  described  as  a  variety  of  palm  oil.  (The  French 
colonists  distinguish  two  kinds  of  oil  palms  :  Aouara  d'Afrique,  or 
A.  de  Guinee  {Elceis  guineensis)  and  Aouara  de  la  Guatjane  {Astrocaryum 
vulgare),  and  therefore  the  corresponding  oils  are  known  as  Aouara  oil 
of  Guinea  and  Aouara  oil  of  Guayana.^ 

As  in  the  case  of  the  true  African  oil-palm,  the  fruits  of  the  aouara 
palm  grow  in  bunches.  The  fruits  are  oviform,  and  consist  of  a  fleshy, 
fibrous  pulp,  in  which  is  embedded  the  aouara  oil,  and  of  a  very  hard, 

'  Zeits.  f.  Unters.  d.  Nalmjs-  u.  Oenussm.,  1912,  332. 
2  Heckel,  Les  Malieres  grasses,  1912,  2791. 

^  Les  Matieres  c/rasses,  m2,  281 L  r  i.         i  i„ 

«  Although  this  fat  has  a  higher  iodine  value  thau  the  precedmg  fats,  its  close  lela- 
tionship  to  palm  oil  justifies  its  position  here. 

0  Duchesne,  Catalogue  des  colonies  franfaises,  imi,  p.  88. 
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lack  nut  (harder  than  the  true  palm  nut),  which  contains  a  hard, 
regular  kernel. 

The  oil  obtained  from  the  kernel  differs  from  that  recovered  from 
the  fleshy  part  in  the  same  manner  as  palm  kernel  oil  differs  from  palm 
oil.  The  kernel  oil  will  therefore  be  described  separately  (see  below, 
under  "  Cocoa  Nut  Oil  Group  "). 

The  fruits  examined  by  Bontoux  ^  were  dry,  although  well  pre- 
served. Fifty  fi'uits  weighed  860  grms.,  and  consisted  of  fibrous 
pulp,  24-2  per  cent ;  shells,  50-4  per  cent ;  kernels,  25-4  per  cent.  The 
fibrous  pulp  gave  on  extraction  with  petroleum  ether  31  per  cent  of  a 
golden-yellow,^  fluid  fat,  from  which  "  stearine  "  separated  on  cooling. 
The  acid  value  of  this  fat  was  31-4.  The  following  characteristics  were 
ascertained  by  Bontoux  : — 


Specific  gravity  at  15°  C.  . 
Saponification  value 
Iodine  value 

Fatty  acids  +  unsaponifiable,  per  cent 
Titer  test  of  the  fatty  acids,  °  C.  . 
Neutralisation  value  of  the  fatty  acids 
Mean  molecular  weight  „ 


0-916 
196-5-197-2 

74-8-75-7 

950 

32-2 
198-5-199-7 
281-0 


The  oU  is  prepared  by  the  natives  in  the  same  manner  as  palm 
oil  is  obtained  in  West  Africa.    It  serves  for  culinary  purposes. 


PALM  OIL 

French — Huile  de  palme.  German — Palmbl? 
Italian — Olio  di  palma. 

For  tables  of  characteristics  see  pp.  540,  541. 

Palm  oU  is  obtained  from  the  frmt  of  the  palm  tree  Elceis  guineensis, 
L.  (Jacq.),  which  form  vast  forests  along  the  West  Coast  of  Africa, 
extending  between  Gambia  and  St.  Paul  de  Loanda.  The. West  Coast 
of  Africa  is  practically  the  only  source  of  palm  oil.  Elceis  guineensis 
forms  a  very  large  number  of  subspecies  for  a  description  of  which 
the  reader  is  referred  to  A.  Chevalier  and  to  J.  Adam. 

Another  species  of  the  palm  tree,  viz.  Elms  melanococca,  Gart. 
[Alfonsia  oleifera,  Humb.),  is  cultivated  in  South  America  (Venezuela), 
in  the  province  Amensis  in  Brazil,  in  the  West  Indies,  in  Java,  and 
North  Burmah.    But  the  quantities  of  oil  obtained  from  this  tree  are 

'  Cp.  Lewkowitsch,  Technologie  et  analyse  chimiques  des  huiles,  graisses  el.  circs, 
traduit  par  E.  Bontoux,  Paris,  vol.  ii.  p.  1043. 

In  tlie  older  literntnro  the  oil  is  stated  to  have  a  vermilion  red  colour,  which 
persists,  even  on  keeping  the  fat  for  years.  It  is  also  stated  (Wiesner,  Die  Rohstoffc  des 
Pfianzenrcichs,  1900,  vol.  i.  488)  that  the  colouring  matter  cannot  lie  removed  hy  boil- 
ing with  water,  but  is  "  bleached  "  by  heating  the  fat  wliilst  it  is  exposed  to  the  air ;  the 
colouring  matter  is  also  said  to  be  destroyed  l)y  oxidising  agents. 

In  the  Oerman  literature  the  name  "palm  oil  "  is  given  promiscuously  to  all  fats 
derived  from  plants  belonging  to  the  pahn  family,  so  that  not  only  palm  nut  oil  but  also 
cocoa  nut  oil  is  frequently  referred  to  as  palm  oil.  Huch  nusuomers  are  apt  to  lead  to 
confusion. 
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very  small ;  at  any  rate  they  do  not  reach  the  Bui-opean  market  and 
it  appears  very  doubtful  whether  the  oil  is  really  palm  oil  or  rather 
a  fa,t  obtained  from  a  palm.  The  American  palm  is  smaller  than  the 
African  ;  its  fruits  are  reddish.  To  this  colour  is  due  the  local  name 
"  Coroza  i  Colorado." 

Keil  states  that  the  oil  palm  occurs  in  a  small  district  situated  in 
the  North  and  North  East  of  Lake  Tanganyika.  Attempts  are  being 
made  to  cultivate  the  tree  in  the  Malay  Peninsula. 

The  favourite  habitat  of  the  palm  tree  is  the  open  country  or  bush- 
land,  and  it  grows  frequently  where  the  natives  have  cleared  the  virgin 
forest.  The  tree  is  characteristic  of  the  coast  line  and  the  lower 
reaches  of  the  rivers.  It  will  grow  in  all  soils,  but  does  not  bear  well 
at  a  higher  altitude  than  3000  feet.  Under  favourable  conditions, 
e.g.  when  the  plant  grows  in  rich  alluvial  land,  the  tree  forms  a  trunk 
when  five  ^  years  old,  and  then  begins  to  yield  fruit ;  when  grown  in 
hiUy  country  the  plant  does  not  commence  to  bear  fruit  before  the 
sixth  or  seventh  year.  In  the  first  year  or  two  of  bearing  fruit  only 
a  few  bunches  are  obtained.  The  yield  then  increases  and  the  palm 
tree  yields  its  full  harvest  in  its  twelfth  year.  This  rate  of  yield  is  then 
continued  throughout  the  life  of  the  palm  tree,  which  lasts  for  a  further 
fifty  to  sixty  years.  There  are  two  main  crops  ;  in  some  regions  fom-, 
or  even  five,  are  gathered  in  the  year.  The  chief  crop  and  the  one 
yielding  the  better  oil  is  that  gathered  in  the  early  months  of  the  year. 
Hence  the  best  oil  arrives  in  Europe  after  June.  The  heaviest  ship- 
ments of  palm  oU  come  fi'om  the  coast  between  May  and  August ; 
those  from  the  Gold  Coast,  Dahomey,  and  the  Lagos  districts  are 
earlier  than  those  from  Bonny,  Opobo,  Old  Calabar,  etc.  (termed 
"  river  oils  ").  The  second  crop  is  gathered  in  October  and  November 
and  IS  less  abundant  than  the  first  crop.  The  chief  supply  from  the 
Niger  district  (Southern  Nigeria)  arrives  in  Europe  from  October  to 
February. 

Many  writers  have  confused  the  term  palm  nut  with  the  "  fruit,"  i.e. 
the  whole  fruit  consisting  of  an  epidermis,  fleshy  part  of  the  fruit  and 
the  seed,  the  latter  forming  a  hard  nut,  consisting  of  shell  and  kernel 
(seed  kernel). 

Palm  oil  is  obtained  from  the  outside  fleshy  portion  of  the  ripe 
fruit.  Owing  to  climatic  conditions,  the  process  of  extraction,  which 
has  been  hitherto  practised  exclusively  by  the  natives,  is  an  exceed- 
ingly crude  one.  When  the  fi'uits  ("  abe  ")  ripen  the  men  climb  up 
the  trees  and  cut  off  the  bunches  with  "  matchets."  ^  Owiag  to  the 
height  from  which  the  bunches  fall,  a  large  quantity  of  the  fruit  is 
bruised,  which  naturally  leads  to  rapid  fermentation  and  to  hydrolysis 
of  the  oil.  The  bunches  are  stored  for  three  or  four  days,  when  the 
women  and  children  pick  the  fruit  from  the  bunches  *  and  throw  it 
'  III  Guatemala  the  coliune  iiut  is  also  termed  "  Coroza." 

-  If  tlie  tree  is  kept  free  of  weeds  and  creepers  and  of  beetle-grubs,  and  properly 
Iriiiimud  twice  a  year,  it  begins  to  bear  after  the  fourth  year. 

This  name  is  a  corruption  of  the  Sjiauish  word  "macheta,"  i.r..  cutlass. 

*  A  machine  for  detaching  tlie  fruit  from  the  bunches  is  patented  under  German 
patent  248,544  ;  cp.  also  Haake,  English  patent  26,032,  1912. 
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into  a  hole  dug  in  the  ground  and  lined  with  leaves.  The  flesh  of  the 
fruit  is  at  this  time  hard,  and  before  the  kernels  can  be  separated  the 
tiesh  must  be  softened.  This  is  done  by  sprinlding  water  on  the  fi-uit, 
covering  it  over  with  more  (plantain  or  banana)  leaves  weighted  by 
stones  and  wood,  and  leaving  it  from  two  weeks  to  three  months. 
Dming  this  period  fermentation  sets  in,  which  causes  the  fleshy  part 
of  the  fi'uit  to  become  soft,  so  that  the  kernel — ^palm  nut — can  be 
removed  more  readily.  This  is  done  by  men,  who  place  the  fermented 
fi'iiits  in  a  mortar,  roughly  made  by  lining  a  hole  made  in  the  ground 
with  large,  flat  stones.  The  fruit  is  then  beaten  with  long  wooden 
pestles  and  the  pulpy  mass  is  put  into  a  rough  net,  to  which  several 
sticks  are  fastened.  By  turning  the  sticks  in  opposite  directions  the 
oil  is  squeezed  out,  or  the  beaten  pulp  together  with  the  nuts  ^  is 
taken  out  by  women  and  children  and  placed  over  another  hole,  the 
sides  of  which  have  been  cemented  by  plastering  with  a  mixture  of 
palm  oil  and  wood  ashes.  This  pulpy  mass  is  then  allowed  to  rest 
for  a  week.  During  this  time  the  oil  drains  into  the  cemented  hole, 
from  which  it  is  ladled  out  into  large  calabashes  of  a  size  to  make  up 
one  load. 

The  oil  so  prepared  represents  a  superior  kind  of  product.  Women 
and  children  then  pick  out  the  nuts  from  the  pulp,  mix  the  pulp  with 
water  and  place  it  in  large  iron  cauldrons,  where  the  whole  mass  is 
well  boiled  and  stirred  till  the  oil  rises  to  the  top.  The  oil  is  slammed 
off  and  in  some  regions  mixed  with  the  first  extracted  oil  or  put  into 
separate  vessels  for  the  market.  Finally,  the  residue  is  placed  in  a 
bag  and  squeezed  over  a  hole  so  as  to  force  out  the  liquid,  from  which 
more  oil  rises  to  the  top.  This  oil  contains  a  large  quantity  of  water, 
and  is  again  boiled  out,  skimmed  off,  and  placed  in  calabashes. 

The  oil  is  carried — mostly  by  women — to  the  nearest  coast  or  river 
station,  where  traders  collect  it  in  large  barrels,  and  take  it  down  to 
the  coast  station.  There  the  oil  frequently  undergoes  a  rough  puri- 
fication by  being  boiled  up  with  water,  and  strained  through  sieves 
into  barrels  ready  for  shipment. 

A  special  kind  of  oil  is  prepared  by  boiling  the  freshly  picked  fruit 
with  water  and  preserving  the  skimmed-off  oil  for  food  purposes.  This 
oil  is  prepared  for  each  household,  and  is  not  exported.  It  is  known 
as  "  Chop  Oil." 

In  Gambia  the  fruit  when  ripe  is  cut  down  and  the  husk-like  cover- 
ing of  each  fruit  is  removed.  The  clean  fi-uit  is  placed  in  a  pot  and 
boiled  with  water  until  the  fibrous  pericarp  is  sufficiently  loosened. 
No  fermentation  is  therefore  allowed  to  assist  the  operation.  When 
the  pericarp  has  swollen  and  is  therefore  more  easily  detached  from 
the  stone,  the  whole  is  placed  in  a  mortar  and  pounded,  until  the  kernel 
stones  can  be  removed. 

It  will  readily  bo  understood  that  this  crude  process,  which  is 
practised  with  more  or  less  important  modifications  in  the  same  manner 

'  Thu  whole  fruit  is  freqiUMitly  toriuud  by  vvriLiii-.s  on  t1iin  siilijcct.  palm  mit.  In  tliis 
work  the  wliole  fruit,  i.e.  the  palm  nut  surrounded  by  the  lleshy  ])iirt  and  forming  the 
"  palm  fruit,"  is  clearly  differentiated  from  the  jialm  nut  (seeds)  which  consists  of  a  hard 
shell,  enclosing  the  oleaginous  palm  kernel. 
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m  all  the  African  \dllages,i  and  seems  to  be  a  survival  of  the  process 
by  which  olive  oil  has  been  produced  in  North  Africa  up  to  a  few 
decades  ago,  is  an  extremely  wasteful  one  ;  enormous  quantities  of 
oil  are  lost  in  consequence  of  this  mode  of  extraction.  It  has  been 
attempted  to  introduce  portable  machinery  for  the  more  economical 
working  up  of  palm  oil,  and  there  are  in  the  market  several  machines 
of  this  kind.2  One  of  these  constructed  by  Haake  ^  consists  of  a  pulp- 
ing machine  and  a  hydraulic  press.  In  the  pulping  machine  the  fruit 
is  treated  in  the  hot  and  the  fleshy  part  is  stripped  ofi  the  nuts.  The 
pulp  is  then  expressed  in  the  hydraulic  press.  Owing  to  the  fact  that 
the  recovery  of  palm  oil  is  a  kind  of  house  industry,  and  to  the  distance 
of  the  villages  from  the  river,  there  is  very  little  prospect  of  machinery 
being  introduced  to  a  notable  extent  in  the  near  future.  Private 
information  given  to  the  author  states  that  the  working  of  Haake's 
machines  has  not  been  attended  with  success.  A  similar  machine 
was  patented  recently  by  S.  C.  Phillips.*  A  process  recently  introduced 
into  Togo,  by  which  the  fruits  are  heated  for  some  time  at  100°  C. 
within  two  hours  of  gathering  and  then  mechanically  pounded  and 
expressed  once,  is  stated  to  yield  a  much  better  oil  as  regards  the  content 
of  free  fatty  acids  than  the  older  methods.^ 

In  the  above  described  processes  of  preparing  palm  oil  the  seeds 
remain  intact.^ 

To  produce  one  ton  of  oil,  1400  bunches  of  fruit  are  required  in 
the  best  managed  districts.  (A  bunch  in  the  state  of  full  ripeness 
bears  from  1000  to  2000  fruits  weighing  from  22  to  44  pounds.)  Besides 
the  oU,  about  two  tons  of  kernels  are  obtained.  In  the  more  remote 
villages  where  the  work  is  carried  on  less  carefully,  up  to  6000  bunches 
are  stated  to  be  required  for  one  ton  of  oU. 

The  average  weight  of  the  fruit,  as  ascertained  at  the  Botanic 
Gardens  at  Victoria  (Cameroons)  is  6-6  grms.,  of  which  the  pulp  forms 
2-47  grms.  The  average  weight  of  the  kernels  is  0-96  grms.,  whilst 
the  shells  of  the  seeds  weigh  on  the  average  3-17  grms.  According 
to  these  figures,  100  grms.  of  fruit  would  yield  fruit  pulp  37-5  per  cent, 
seeds  62-5  per  cent.  The  37-5  per  cent  of  pulp  is  made  up  of  32-8  per 
cent  of  palm  oil,  the  remaining  4-7  per  cent  being  water  and  waste 
fibre.  The  62-5  per  cent  of  seeds  consists  of  47-92  per  cent  of  shells 
and  14-58  per  cent  of  kernels,  which  contain  about  50  per  cent  of  fat 
(see  p.  537).  Careful  experiments  made  with  fruit  of  the  average 
weight  of  6-6  grms.  showed  that  whereas  the  natives  require  1370 
bunches  for  the  production  of  one  ton  of  oil,  the  same  quantity  of  oil 
could  be  obtained  from  405  bunches  consisting  of  1650  fruits  each 

For  a  description  of  the  processes  in  vogue  in  Daliomey,  cp.  Lewlcowitsoh, 
Technologie  et  analyse  chimiques  des  hidles,  graisses  et  circs,  traduit  par  B.  Bontoux, 
Paris,  vol.  ii.  p.  1046.    Cp.  also  Soskin,  Ghem.  Revue,  1909,  290. 
-  Hawkins,  English  patent  20,061,  1911. 

Ohcm.  Revue,  1910,  53. 

English  patent  9733,__1906.    Cp.  also  J.  H.  Eglen,  English  patent  33.')7,  1909. 

Keinner,  Verhandl.  Olrohstqlj'kom.mission  der  Koloii.-Wirlsch.  Komilccs,  1913,  17. 
'  A  proposal  to  crush  fruit  anil  kernels  together  so  as  to  obtain  a  nii.vod  oil  (pulj)  oil 
and  kernel  oil)  has  recently  been  patented  by  A .  Ilallcl  and  Sjnnnael,  French  patent 
321,918. 
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(exclusive  of  tlie  kernels).  The  yield  of  oil  depends  to  some  extent 
on  the  care  which  the  cultivator  gives  the  tree,  on  the  nature  of  the 
soil,  and  the  season. 

From  these  experiments  it  follows  that  the  natives  lose  about  two- 
thirds  of  the  oil  obtainable.  Of  coui'se  these  last  figures  can  only 
be  taken  as  typical  for  the  coimtry  from  which  the  palm  fruits  have 
been  taken,  as  the  size  of  the  fruit  and  yield  varies  considerably.  Thus 
the  pulp  forms  according  to  the  variety  of  the  palm  tree,  27-70  per 
cent  of  the  total  fruit,  whilst  the  kernels,  freed  from  the  shells,  form 
9-25  per  cent.  Fendler  ^  examined  four  varieties  of  palm  fruits  from 
the  Cameroons  locally  known  under  the  names  De,  De-de  baJcui,  Se-de, 
and  Afa-de.    The  following  are  the  results  of  his  examination  : — • 


The  fleshy  part  of  fruit  contains — 

1 

De. 

2 

De-de  bakui. 

3 

Se-de. 

4 

Afa-de. 

OU  

Per  cent. 
66-5 

5-3 

Per  cent. 
58-5 

5-7 

Per  cent. 
69-2 

6-9 

Per  cent. 
62-9 

5-6 

Besides  these  four  recognised  varieties  of  palm  trees,  there  exist 
in  the  Cameroons  two  other  varieties,  termed  the  small-fruited  and 
large-fruited  "  Lisombe  palm,"  ^  which  differ  from  the  ordinary  palm 
tree  in  that  the  shells  enclosing  the  kernel  are  more  brittle  than  those 
of  the  ordinary  palm  nuts.  The  following  table  gives  some  informa- 
tion as  to  the  Lisombe  varieties,^  contrasted  with  the  ordinary  palm 
fruit  from  Victoria  in  the  Cameroons,  and  palm  fruits  from  other  regions 
of  West  Africa  : — 


Origin. 

Variety. 

Pulp  in 
whole 
fruit. 

Palm  Oil 
in  whole 
fruit. 

Palm  OU 
contained 
in  pulp. 

Kernel 
in  whole 
fruit. 

Palm- 
kernel  Oil 
in  whole 
fruit. 

Oil  con- 
tained in 
kernel. 

Cameroons 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Small-fruited 

Lisombe  . 

71'0 

32-66 

46-0 

9-54 

4-91 

49-2 

Ijarge-fniited 

Lisombe,  ripe  . 

71-0 

44.44 

62-5 

12-5 

6-15 

48-9 

Large-fruited 

Lisombe,  unripe 

64-5 

40-35 

00-5 

17-27 

8-5 

49-2 

Ordinary  Palm  . 

37'5 

22-64 

CO-3 

14-58 

7-13 

48-9 

Dahomey 

De  palin,  fresh  . 

21-2 

50 

9-3 

49 

Kissede  palm, 

Ivory  Coast 

fresh  . 

26-5 

54 

9-3 

49 

16-18 

45-52 

9-4-11 

40-48 

Guiana 

18-24 

53-57 

9-12 

43-47 

The  following  table  due  to  Lommel  ^  gives  some  particulars  of  the 
fruits  and  kernels  obtained  from  the  East  African  palms  : — 

'  Berickte  d.  Deut.  I'harm.  Oesell.,  1903,  115. 
Preuss,  Der  Tropetipjlanzer.    Cp.  also  Snieiul,  Der  Tropenjiflanzer,  xii.  No.  6. 
According  to  Drabble  {Quart.  Juurn.  Just.  Comm.  Research,  in  the  Tropkii,  1908, 
18),  tlie  Lisombe  (Issorabe)  palm  resembles  the  Abol(o-bo  palm  of  the  Gold  Coast. 
Der  PJloMzer,  1910,  290. 
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In  the  Togo  district  (Misaliohe,  German  colony)  there  occurs 
besides  the  ordinary  species  called  locally  E-de  and  De-ti,  also  another 
species,  called  locally  Sedde,  which  is  poorer  in  oil,  and  is  perhaps 
identical  with  the  Se-de  species  described  by  Fendler.  The  fruits 
fi'om  the  first  kind  are  difierentiated  from  the  latter  by  their  ovoid 
shape  and  bright  colom".  Besides  this  species  there  also  occurs  another 
variety  rich  in  oil — termed  by  the  natives  Klu-de.  This  species,  how- 
ever, does  not  provide  palm  oil  for  export. 

At  the  Gold  Coast  there  occur  four  well-marked  forms  of  oil-palms 
which  are  described  by  Evans  ^  as  follows  : — 

(1)  Ahetumtum  or  Yue  Yumu,  bearing  black  fruits  which  yield 
13-77  per  cent  of  oil. 

(2)  Abepa  or  Yue,  the  fruits  of  which  yield  11-2  per  cent  of  oil. 

(3)  Ahedam  or  Yue-Jdem,  bearing  reddish-yellow  fruits  which  are 
larger  than  those  of  the  other  varieties.  The  fruits  yield  11-2  per 
cent  of  oil. 

(4)  Ahobo-be  or  Yue  Wyiam,  which  represents  the  best  variety  on 
the  Gold  Coast.  The  shell  of  the  kernel  is  much  thinner  than  that 
of  all  the  other  varieties,  and  is  so  soft  that  it  can  be  cracked  with 
the  teeth.  (In  this  respect  it  resembles  the  Lisombe  palm  in  the 
Gamer oons.)  The  fruits  are  reddish-black,  and  yield  19-3  per  cent 
of  oU. 

The  size  of  the  fruits  of  the  palms  growing  wUd  in  German  East 
Africa  is  very  much  smaller  than  that  of  the  fruits  from  the  West 
African  varieties.^  The  oil  contained  in  the  East  African  fruits 
amounted  to  4-8  per  cent  only. 

Further  investigations  made  by  J.  Anderson,  Director  of  Botanical 
Gardens,  Aburi,  Gold  Coast,  in  conjunction  with  Evans,  confirm  these 
variations  with  the  following  additions  : — 

Abe-fitaa  ("  white  palm  nut  ") :  Fruits,  large,  colour  white  streaked 
with  black.  The  oil  obtained  from  this  variety  is  yellow  in  colour, 
and  quite  distinct  from  other  commercial  palm  oUs  ;  yield  15  per  cent 
of  oil.    Iodine  value  44-45  per  cent.^ 

Abuba-he :  This  variety  resembles  Abobo-be  in  appearance,  and 
the  shell  of  the  kernel  is  also  soft,  but  the  pericarp  is  much  more  fleshy, 
and  the  yield  is  greater,  viz.  25  per  cent  of  oil. 

Adi-be  :  Fruits,  large,  colour  brick-red.  This  variety  has  a  very 
fleshy  pericarp,  and  the  yield  obtained  is  28  per  cent  of  oil. 

Abe-ohene  ("  king  of  palms  ")  *  :  This  variety  has  a  medium- 
sized  fruit,  bright-red  in  colour,  streaked  with  black ;  yield  15  per 
cent  of  oil. 

It  would  appear  from  the  above  that  Abobo-be,  Abubu-be,  and  Adi-be 
— all  three  varieties  are  also  known  as  Be-nim  or  Abe-nim  and  Abuborn 
(they  contain  no  kernel) — are  the  best  varieties  to  cultivate,  but  at  the 
present  time  the  natives  of  the  Gold  Coast  do  not  appear  to  plant  any 
particular  variety. 

'  Quart.  Jourii.  /n.iL  C'imim.  Rcienrck  in  the  Tropics,  1908,  18. 

Lommel,  Der  Tropaipllansxr,  1910,  39. 
^  Bull.  Imp.  Inst.,  1909  (7),  357. 

•*  In  Southern  Nigeria  the  "  King  palm  "  is  known  an  Af-frako-jub. 
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Besides  these  varieties,  there  is  also  the  Abe-KotoJco  ^  {"  porcupine 
oil  palm  "),  so  called  from  the  long  spikes  in  the  bmich  protecting  the 
drupe  Cabe"),  and  Mina-be  ("broom  oil  palm"),  which  supplies 
materials  for  the  best  brooms.^ 

In  a  report  made  by  a  Commission  appointed  in  1887,  the  statement 
occurs  that  three  varieties  are  distinguished  by  having  orange,  red, 
and  black  fruits  respectively;  the  first  gives  the  finest  oil,  but  contains 
small  kernels,  the  other  varieties  give  less  oil  but  have  larger  nuts. 

The  fi-uits  obtained  from  Benin  and  Calabar  were  found  by  Drabble 
to  contain  24-8  and  29  per  cent  respectively  of  palm  oil. 

The  following  table  ^  furnishes  an  instructive  comparison  of  palm 
fruits  from  various  districts  : — 


Eatio  of 

New 
Calabar. 

Old 
Calabar. 

Lagos. 

Dixcove. 

Warri. 

Benin. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Pericarp^  to  whole  fruit 

38-76 

24-65 

30-89 

23-36 

35-67 

Pericarp  fat    ,,  ,, 

29-02 

14-38 

20-94 

14-01 

24-86 

Pericarp  fat  to  whole 

pericarp  . 

74-88 

58-33 

67-8 

60-0 

69-69 

Kernel  to  kernel  and 

shell 

20-4 

22-81 

25-0 

31-06 

23-17 

20-17 

Kernel  oil  to  kernel  and 

shell 

5-2 

4-7 

5-0 

12-42 

4-81 

5-04 

Kernel  oil  to  kernel 

25-0 

20-58 

20-0 

35-0 

21-05 

25-0 

Average  volume  of  fruit 
iu  c.c. 

7-2 

4-0 

5  2 

6-7 

7-5 

The  following  samples  of  palm  fruits  and  oil  were  obtained  from 
Dahomey  and  examined  by  Hebert.^  The  oil  was  obtained  by  extrac- 
tion from  the  fruits  -with  petroleum  ether.  All  the  oils  are  used  by 
the  natives  as  food  with  the  exception  of  that  obtained  from  the  variety 
Repanda  which  is  said  to  cause  headache  and  sickness  : — 


1  Abe  or  he  means  oil  palm  fruit  ;  6060  =  crack  with  the  teeth  ;  6m6?6  =  break  in 
pieces  ;  Adi-be  =  Tpo\m  nut  for  eating. 

2  For  a  more  complete  list  of  vernacular  names  cp.  A.  Chevalier,  Les  Matieres  grasses, 
1910,  2001. 

^  E.  Drabble,  Qiiart.  Journ.  Inst.  Comm.  Research  in  the  Tropics,  1907,  ii.  No.  5, 
126. 

■*  "  Pericarp  "  denotes  iu  this  case  the  fleshy  part  of  the  fruit  only,  .and  not— as  it 
should  do  in  a  strictly  scientific  sense — the  stony  .shell  of  the  kernels. 
^  Les  Matieres  grasses,  1911,  2171. 


[Table 


XIV 


PALM  OIL 


543 


zn 


CO 


.a -J 

£° 

as 
a* 

0(1; 
O 


>  g 


cS  Pi 


.•a 
.a 


c3 
> 


3 
> 


.  03     o  >o  o  o  o 

'  O  i-(  (N  O  (N  lO 


03 
00 

O  O  O  00 

(N  O  O 
lO  fO  Tj< 


O  r-H  to  C-  O 
CO  i-H  lb  Ir^  tJi 
05        lO  03  -tJH 


00 

CD  O  O  CO 

CO  <N  (M  O 
«0  CO  T)< 


O  00  i-H  O  O 

CO  C5  csi  in 

0>      lO  O  Ttl 


03 
00 

O  O  O  00 

O  CO  o 
CO  lO 


o  i-i  eq  00  >o 

O  rH  lO  I>  CD 
f-<       Tt(  03 


03 

O  O  O  OO 

di  M  lo  c5 

lO  Ttt 


O  CO  <N  l>  O 

i-H  O  l>  1> 
C3        ICl  C3 


(33 

O  O  O  00 

C<1  CD  O 
lO  r— I  TjH 


O  (33  (N  1— I  O 

CD  O  CSl  do  CO 
C33        lO  03  Ttl 


00 

OO 

(O  O  lO  op 

t--  C3  CO  (O 
(N  Tt* 


(O  00       N  O 

CO  o  (^?  CO  do 

(33       lO  (33 


00 

(O  (O  (O  GO 

CO         (N  (i 

•<J<  <N  TtH 


O  00  O  (N  O 

i-H  (O  CO  CO  do 

O  (33 


CO 

O  O  O  00 

C<J  C<J  (6 

M 


O  CO  00  (=)  (=) 

(O  CO  do  CO 
O  03 


d  o 

(U     »    ^  03 

"  •  -  n  a 

a  a 

g  g  bo  o 
•H  43  "3 


03  03 


544 


GLYCERIDES — VEGETABLE  FATS 


CHAP. 


The  ParKamentary  retiu-ns  made  in  1845  of  the  palm  oil  imported 
from  the  West  Coast  of  Afiica  are  of  historical  interest  and  are  given 
below  : — 


Palm  Oil  impo7-ied  into  United  Kingdom 


Year. 

1790 
1810 
1830 
1840 


Cwts. 

2,599 
25,754 
213,467 
315,458 


The  bulk  of  palm  oil  is  shipped  to  Liverpool.  Smaller  quantities 
go  to  Marseilles,  Rotterdam,  and  Hamburg.  The  following  tables  give 
detailed  statistics  as  far  as  they  are  available  : — 


Imported  into  the  United  Kingdom 


Year. 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


Tons. 

43,025 
51,161 
57,311 
53,252 
51,021 
45,941 
54,061 
60,743 
62,694 
81,641 
87,060 
75,120 
78,365 


Exported  from  the  United  Kingdom 


Year. 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


Tons. 

31,219 
34,443 
39,041 
36,425 
35,920 
34,674 
33,771 
41,908 
43,704 
50,828 
60,131 
44,682 
46,086 
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Imports  of  Palm  Oil  into  France  and  Marseilles 
In  tons  (of  1000  kilogi-ammes) 


Tear. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 


France. 


Imports. 


16,227 
11,820 
15,675 
17,759 
22,345 
17,760 
20,592 
18,109 
16,317 
17,263 
14,333 
16,087 
17,841 
17,765 
16,088 
17,991 


Exports. 


525 
235 
239 
388 
324 
72 
419 
364 
442 
441 
163 
291 
650 
1538 
2150 
1890 


Marseilles. 


Imports. 


8,803 
6,732 
7.182 
12,624 
15,912 
10,351 
11,161 
12,236 
11,972 
13,203 
8,631 
12,029 
15,243 
16,004 
11,129 
16,699 


It  is  impossible  to  give  the  imports  into  Germany  previous  to  1911, 
as  up  till  then  the  imports  of  palm  oil  were  included  in  the  statistical 
data  for  solid  fats.  The  German  imports  and  exports  for  the  years 
1911  and  1912  are  given  below  : — 


Imports  from 

Exports  to 

British  West 
Africa. 

Togo. 

Liberia. 

Austria- 
Hungary. 

Switzerland. 

1911 
1912 

Metric  tons. 
12,018 

12,667 

Metric  tons. 
235 

258 

Metric  tons. 
257 

662 

Metric  tons. 
104 

24 

Metric  tons. 
30 

In  the  trade  the  oils  are  classified  as  follows  : — 

1.  Hofl  oils,  notably  Lagos,  Calabar,  Opobo,  Bonny. 

2.  Hard  oils,  Congo,  Niger,  Oil  Eiver,  Liberia,  Gold  Coast. 

3.  Mixed  oils  irom  the  Gold  Coast  and  Niger  district. 
Statistical  details  as  to  the  quantities  exported  from  the  individual 

districts  of  West  Africa  are  now  being  collected  more  carefully.  At 
present  only  the  following  details  are  available  :— 

VOL.  II  2  N 
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Sierra  Leone 

Year. 
1901 
1902 
1903 
1904 
1905 

1906  (375,573  gallons) 

1907  (615,997  gaUons) 
1908 
1909 
1910 
1911 
1912 


Value. 

£9,816 

13,544 

14,068 

16,245 

18,524 

27,745 

51,154 

37,676 

64,369 

64,410 

66,265 

67,878 


Year. 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 


Gold  Coast 

Gallons. 
4,338,627 
2,394,563 
2,021,716 
2,145,138 
3,323,919 
4,238,685 
3,146,390 
4,227,655 
2,589,591 
2,236,703 
1,598,272 
2,143,118 
1,867,945 
2,255,371 
2,007,296 
2,044,868 


Value. 
£231,415 
126,857 
107,737 
114,288 
183,204 
238,812 
178,171 
235,211 
145,896 
128,752 
88,359 
125,008 
119,468 
129,535 
120,978 
161,388 


Ivory  Coast 


Year. 
1901 
1902 
1903 
1904 
1905 
1909 


Kilos. 
5,113,644 
6,173,007 
4,863,561 
5,839,970 
3,270,578 
5,557,357 


Lagos 


Year. 
1890 
1891 
1892 
1893 
1894 
1895 
1896 


Gallons. 
3,200,824 
4,204,825 
2,458,260 
4,073,055 
3,393,533 
3,826,392 
3,154,333 


Value. 
£190,657 
252,958 
137,743 
252,051 
187,928 
205,553 
159,150 
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Lagos  {continued) 


Year.  Gallons.  Value. 

1897  ....      1,858,968  £97,.590 

1898  ....      1,889,939  97,337 

1899  .         ...         .      3,292,881  168,457 

1900  ....      2,977,926  190,165 

1901  ....      3,302,065  207,468 

1903    218,245 

1904  .  .         .  ..  219,114 

Southern  Nigeria  ^  and  Lagos 

Year.  Value. 

1905  .         .         .         .  £1,047,034 

1906  ....  1,122,671 

1907  ....  1,492,883 

1908  ....  1,236,241 

1909  ....  1,540,485 

1910  ....  2,140,894 

1911  ....  1,903,196 

1912  .         .  *       .         .  1,910,980 


In  1910  the  export  of  palm  oil  from  Togoland  was  3,018,864  kilos, 
and  in  1911,  3,964,596  kilos. 

French  Colonies 


In  tons  (of  1000  kilogrammes) 


Year. 

Senegal. 

French 
Gniiiea. 

Ivory  Coast. 

Dahomey. 

French  Congo. 

1900 

61 

4340 

8,920 

112 

1901 

199 

5114 

11,290 

116 

1902 

182 

6173 

12,676 

170 

1903 

94 

4863 

6,964 

98 

1904 

9 

171 

5840 

8,368 

152 

1905 

12 

23 

3270 

5,537 

159 

1906 

86 

4856 

6,378 

91 

1907 

94 

5662 

7,835 

1908 

223  kilo.H 

169 

5557 

9,520 

95 

1909 

9.55  „ 

48 

6367 

15,016 

151  ■- 

1910 

1141  „ 

55 

5955 

14,628 

130 

'  Earlier  statistical  data  for  Southern  Nigeria,  tlic  Porto  Novo  transit  lots  inchidecl 
are — 


Year.  Gallons.  Valne. 

1!>00   12,741, 5S5  £081, 2mi 

IHOl   lr),8!H,'l04  813,478 

1902   17,905,857  !IQ7,037 

HI03   l.'j,l»2,135  84r,!)r)4- 

1004    18,225,175  t>20,168 

l!)05    14,157,384  808,028 

1000    10,032,571  1,001,048 

1!>07   1S,.332,531  1, 813,1112 


Including  Gabon. 
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Palm  oil  has  a  somewliat  sweetish  taste  ;  in  its  perfectly  fresh 
state  it  is  used  as  a  culinary  fat  in  the  villages  of  the  West  Coast  of 
Africa.  Its  odour  is  pleasant  and  resembles  that  of  violets  ;  this 
odour  is  not  destroyed  by  bleaching  with  air  at  elevated  temperatures, 
and  persists  even  after  the  oU  has  been  made  into  soap.  In  conse- 
quence of  the  very  crude  mode  of  producing  palm  oil,  causing  it  to 
remain  for  a  considerable  time  ia  contact  with  fermentable  vegetable 
tissue,  hydrolysis  rapidly  sets  in,  so  that  the  oil  on  reaching  the  coast 
contains  abeady  a  notable  amount  of  free  fatty  acids.  Palm  oil  when 
shipped  from  the  coast  has  at  least  10-12  per  cent  of  free  fatty  acids. 
The  process  of  hydrolysis,  once  begun,  continues  in  the  barrels  during 
the  voyage,  and  in  consequence  thereof  commercial  palm  oUs,  on 
arriving  at  their  destination,  contain  frequently  from  20  to  50  per 
cent,  and  even  more,  of  free  fatty  acids.  In  such  palm  oUs  free  glycerol 
is  found.-*^  In  old  samples  the  hydrolysis  may  even  reach  completion, 
so  that  such  palm  oU  practically  consists  of  free  fatty  acids  {LewJco- 
witsch).  The  progress  of  hydrolysis  can  be  observed  even  in  oils  kept 
in  glass  bottles.  Thus  a  sample  of  Drewin  oil,  which  had  orginaUy 
the  acid  value  41-8,  showed  after  six  (summer)  months  the  acid  value 
70-1.  The  hydrolysis  of  the  oil  contained  in  the  fruit  has  been  shown 
by  Dunstan  to  be  as  follows  : — 

Acid  Value. 

Oil  from  fresh  fruits  .....  8-4 
Oil  from  fruits  fermented  8  days  .  .  .  13-2 
Oil  from  fruits  fermented  6  weeks    .         .         .  103-7 

The  value  of  a  palm  oil  in  the  markets  depends  on  the  care  with 
which  it  has  been  prepared,  as  also  on  the  particular  locality  from 
which  it  is  derived.  The  "  soft  "  oils  are  those  containing  a  small 
quantity  of  free  fatty  acids,  whereas  the  "  hard  "  oils  contain  a  large 
proportion  of  free  fatty  acids.  It  has  been  shown  that  the  oil  obtained 
from  fruits  which  have  been  allowed  to  ferment  is  much  "  harder  " 
than  the  oil  produced  from  the  fresh  fruit.^  The  best  "  soft "  oils 
come  from  Lagos  and  Dahomey.  Next  in  quality  are  the  Eiver  Oils 
("  medium  "  oils)  ;  whilst  the  lowest  quahty,  the  hardest  oU,  is  repre- 
sented by  Congo  oU. 

The  following  table,  due  to  Y.  de  Schepper  and  Geitel,^  gives  an 
indication  as  to  the  proportion  of  water,  impurities,  neutral  fat,  and 
the  sohdifying  points  of  the  insoluble  fatty  acids  met  with  in  com- 
mercial brands  of  palm  oil : — 


1  Cp.  Stenliouse,  Liehig's  Annal.,  1840  (36),  55. 

2  Bull.  Imp.  Inst.,  1913,  206. 

3  Dinr/l.  Polyt.  Journ.,  245,  295. 
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Kind  of  Oil. 


Water. 


Congo 
Saltpond'  . 
Acld<ah 
Appam 
Winnebah  . 
Fernando  Po 
Brass 

New  Calabar 

Niger 

Accra 

Benin 

Bonny 

Gr.  Bassa  . 

Cameroons 

Cape  Labon 

Cape  Paknas 

Half  Jack-Jack 

Lagos 

Loando 

Old  Calabar 

Gold  Coast 

Sherboro  . 

Gaboon 

Benin  Lagos 

Benin  Bonny 


Per  cent. 
078-0-95 
3-5-12-5 

4-21 

3-60 

6-73 

2-  68 

3-  05 
3-82 
3-0 

2 -  2-5 -3 
2-03 

3 -  0-6 -5 

2-  4-13 -1 
1  •8-2-5 

3-  6-6-5 
9-7 

1-9-4-2 

0-  6-1-3 

1-  5-3  0 

1-  3-1-6 
1-98 

2-  6-70 
2-0-2-8 

0-34 


Impurities. 


Solidifying 
Point  of  Fatty 
Acids. 


Neutral  Fat. 


Per  cent. 
0-35-0-7 
0-9-1-7 
0-35 

0-  596 

1-  375 
0-85 

2-  00 
0-86 
0-70 
0-60 
0-20 

1  •2-3-1 
0-6-3 
"0-2-0^7 
0-7-1-5 
2-70 

0-  7-1-24 
0 •3-0-6 

1-  0-1-9 
0-3-0-8 

0-50 
0-3-1-2 
0-3-0-7 

6-9 

2-86 


°C. 

45-  90 

46-  20 

44-  15 

45-  0 
45-6 
45-90 
45-1 
45-0 
45-0 

44-  0 

45-  0 
44-5 
44-6 

44-  6 

41-  0 

42-  10 
39-41-3 

45-  0 
44-5 
44-5 

41-  0 

42-  0 
44-5 


Per  cent. 
16-23-0 

15-25 

18-0 

25-0 

20-0 
28 

35-5 

40-0 
4-0 -0-47-0 

53-76 

59-  74 
44-0-88-6 

41-70-0 

67-  83 
55-69 

67 
55-77-0 
58-68 

68-  76 
76-83 

69 

60-  74 
79-93-0 

73-0 
75-65 


It  must  of  course  be  understood  that  the  proportions  of  neutral 
fat  depend  greatly  on  the  manner  of  preparing  and  keeping  the  oil. 

The  consistence  of  commercial  palm  oil  varies  from  that  of  soft 
butter  (Drewin  2)  to  that  of  tallow  (Congo  oil).  The  colour  also  varies 
greatly,  ranging,  through  all  shades,  from  orange-yellow  (Lagos)  to 
dark  dirty  red  (Congo). 

The  coloiiring  matter  of  palm  oil  is  not  affected  in  the  process  of 
saponification  by  means  of  alkalis  or  Hme ;  in  the  acid  saponification 
process,  however,  it  is  destroyed.  It  is  also  slowly  destroyed  by  ex- 
posure to  air,  more  rapidly  on  heating  or  by  bleaching  with  chemicals. 
The  two  latter  processes  are  adopted  in  practice  for  preparing  bleached 
palm  oil. 

Since  palm  oil,  as  pointed  out  already,  is  bleached  by  mere 
exposure  to  the  atmosphere,  hydrogen  peroxide  contained  in  the  atmo- 
sphere is  assumed  to  be  the  bleaching  agent.  This  statement  finds  sup- 
port in  the  fact  that  Schonbein  obtained  the  hydrogen  peroxide  reaction 
With  a  specimen  of  palm  oil.  This  explanation  has  been  further 
elaborated  by  Engler?  The  use  of  hydrogen  peroxide  for  the  bleaching 
of  palm  oil  has  been  patented  by  Vereinigte  Ghem.  Werke.^ 

Although  palm  oil  can  be  bleached  by  means  of  ozone,  yet  several 
ozone  processes  examined  by  the  author  have  hitherto  not  proved 
commercially  successful,  as  the  colour  "  reverts  "  in  the  palm  oils  so 


This  is  tlie  cheapest  hard  oil. 
*  Berichte,  1900,  1101. 


^  This  is  the  chcnpcst  soIX  oil. 
'  German  patent  214,937. 
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bleaclied.  Bleaching  by  means  of  hot  air,  or  by  passing  air  through 
the  heated  oil,  is  capable  of  producing  a  tolerably  white  palm  oil.  The 
bleaching  is  carried  out  by  blowing  a  cm-rent  of  air  in  a  finely  divided 
stream  through  the  mass  of  oil,  kept  at  a  temperatm-e  exceeding  100° 
C.  According  to  the  kind  of  palm  oil,  the  temperatm-e  must  be  raised 
up  to  150°  C.  Heating  the  oil  to  temperatures  of  250°  C.  does  not 
produce  a  better  result.  In  these  processes  the  characteristic  odom- 
of  palm  oil  is  not  destroyed. 

The  bleaching  process  most  in  vogue,  and  that  giving  the  best 
results,  is  the  bichromate  process.  The  oil  is  freed  fi'om  its  gross 
impm-ities,  and  treated  according  to  its  quality  with  1-3  per  cent  of 
potassium  bichromate,  and  the  requisite  amount  of  hydrochloric  acid. 
The.  dark  "chrome"  liquor  is  then  carefully  rim  ofi,  and  the  oil  is 
washed  with  water,  at  first  with  the  assistance  of  a  little  mineral  acid, 
until  it  is  quite  free  from  chromium  and  mineral  acid. 

Not  all  palm  oils  can  be  bleached  successfully.  Lagos  and  Old 
Calabar  oils  yield  good  results,  but  dirty  colom-ed  red  oils,  such  as 
Congo  oil,  have  hitherto  withstood  all  attempts  to  bleach  them.^ 

The  chief  constituents  of  palm  oil  are  pal  mi  tin  ^  and  olein.  The 
solid  fatty  acids  consist,  according  to  Ndrdlinger,^  of  98  per  cent  of 
palmitic  acid,  1  per  cent  of  stearic,  and  1  per  cent  of  an  acid  described 
as  a  "  heptadecylic  "  acid,  C17H34O2.  This  acid  has,  however,  been 
shown  by  Holde  *  to  represent  a  mixtm-e  in  which  an  acid  melting  at 
60-65°  C,  and  of  the  mean  molecular  weight  288  could  be  identified. 
Two  specimens  of  palm  oil,  Bassa  raw,  and  Lagos  bleached,  examined 
in  the  author's  laboratory  yielded  0-53  per  cent  and  0-72  per  cent  of 
stearic  acid  respectively.  Hazura  and  Grussner  found  among  the 
liquid  fatty  acids  small  quantities  of  Unolic  acid,  identified  by  the 
sativic  acid  yielded  on  oxidation.  This  is  confirmed  by  the  iodine 
values  of  the  liquid  fatty  acids  recorded  in  the  table  (p.  541). 

Colour  reactions  proposed  for  the  identification  of  palm  oil  are 
useless,  and  in  any  case  unnecessary,  since  palm  oil  cannot  easily  be 
confoimded  with  other  fats  or  oils.^  It  may,  however,  be  stated  that 
some  specimens  of  palm  oil — Lagos  oil  and  Old  Calabar  oil — give  with 
sulphuric  acid  a  colom-  reaction  similar  to  that  obtained  with  cod  hver 
oil  in  chloroformic  solution,  although  the  blue  is  much  fainter  ;  other 
specimens  do  not  give  this  blue  colour,  but  turn  red  at  once.^ 

Palm  oil  is,  as  a  rule,  not  adulterated  with  other  fats,  and  its 
commercial  valuation  embraces  therefore  the  determination  of  water, 
of  impurities  (mostly  sand,  added  fraudulently  by  negroes),  and  of 
the  solidifying  point.    The  proportion  of  water  and  sand  together 

1  Cp.  Seifensieder  Ztg.  1913,  687,  724,  749,  769. 

2  Palmitic  acid  was  discovered  iu  palm  oil  by  Fremy,  Liehig's  Annal.,  1840,  36,  50. 
»  Zcitschr.f.  angew.  Chem.,  1892,  110.  Berichte,  1905,  1257. 

With  regard  to  the  detection  of  palm  oil,  when  used  as  a  colouring  niaterial  for 
oils  and  fats,  cp.  Crampton  and  Simons,  Jonrn.  Amer.  Chem.  Soc,  1905,  270.  Small 
quantities  (2-3  per  cent)  of  palm  oil  used  to  be  added  to  margarine  ("oleomargarine") 
in  the  United  States  in  order  to  give  it  a  yellowish  tint.  As  these  eolonr  tests  appear  to 
the  author  very  uncertain,  and  moreover  as  the  addition  of  palm  oil  to  margarine  is  now 
forbidden  by  law,  the  reader  must  be  referred  to  the  original  papers. 
8  Cp.  Salkowski,  Zeilschr.  f.  analyl.  Chem.,  1887  (.x.xvi.),  569. 
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should  not  exceed  2  per  cent ;  for  any  excess,  allowance  is  usually 
made  by  the  seller. 

Palm  oil  is  chiefly  used  in  the  soap  ^  and  candle  industries.^  In 
the  latter  industry  it  is  valued  cceteris  paribus  by  its  "  titer."  Being 
a  non-dryiag  oil,  it  is  also  employed  in  the  tinplate  industry,  to  preserve 
the  sm-face  of  the  heated  iron  sheet  from  oxidation  until  the  moment 
of  dipping  into  the  bath  of  melted  tin. 

For  the  purpose  of  the  tin  industry  "  palm  oil  greases  "  are  sold, 
consistiag  of  palm  oil  adulterated  with  cotton  seed  oil  and  mineral 
oil  of  the  specific  gravity  0-905. 


GAMBOGE  BUTTER 

French — Gh'aisse  (Beurre)  de  Gamboge.  German — Gambogebutter. 
Italian — Burro  di  Gamboga. 

Gamboge  butter  is  the  fat  obtained  from  Garcinia  morella,  Desrouss., 
a  tree  common  in  the  forests  of  Western  India  up  to  an  altitude  of 
3500  feet ;  it  is  also  frequently  found  in  Ceylon.  A  variety  of  the 
fat,  obtained  from  "  Murga  "  seeds  (Garcinia  ?),  is  used  for  all  cooking 
purposes  like  "  ghee."  A  similar  fat,  from  the  seeds  of  the  variety 
known  as  "  Gurgi "  {Garcinia  morella),  is  used  for  hghtiag,  cooking, 
and  as  a  medicine  for  spraios  and  injuries  (cp.  also  p.  598).  The 
followiag  characteristics  are  given  by  D.  Hooper  ^  : — 


Murga. 

Gurgi. 

Fat— 

Specific  gravity  at  50°  C  

0-900 

0-902 

Melting  point  

37°  C. 

33-5°  C. 

Saponification  value  

198-20 

194-74 

53-72 

65-46 

0-69 

0-62 

3-49 

13-79 

Falt7j  Acids— 

Insoluble  fatty  acids  +  unsaponifiablc 

94-89  per  cent 

95-20  per  cent 

56°  C. 

55°  C. 

56-38 

57-81 

The  insoluble  fatty  acids  of  the  "  Murga  "  butter  consist  chiefly  of 
stearic  acid  (about  30  per  cent)  and  oleic  acid ;  only  small  quantities 
of  palmitic  acid  are  present.  Hooper  conjectures  that  the  fatty  acids 
consist  chiefly  of  dioleo-stearin. 

'  Tlie  negroes  in  the  Togo  district  make  a  soap  from  palm  oil  and  ashes  obtained  by 
burning  banana  leaves. 

^  First  suggested  for  can<Ile  industry  1836  by  llempcl  and  Blundel. 
Journ.  and  Proceed.  Asiatic  Sue.  of  Jknyal  (New  Series),  1907,  vol.  iii.  No.  5, 

258. 
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'  AKEE  OIL^ 

Fiench—Huile  d'Akee.  German— AJceedl.    Italian— OZio  di  alee. 

Akee  oil  is  a  yeUow,  buttery  fat,  stated  to  be  obtained  from  the 
arillus  of  BhgUa  sapida,  Kon.,  a  tree  indigenous  to  tropical  West 
Africa  (Guinea  Coast).  Its  cultivation  was  introduced  into  Jamaica 
between  1794  and  1838. 

The  fatty  acids  distil  unchanged  under  a  pressure  of  13  mm.  at 
220°-225°  C.  They  consist  approximately  of  50  per  cent  of  oleic  acid 
and  50  per  cent  of  solid  saturated  acids.  The  acid  value  of  the  sample 
examined  was  20-1. 

The  oil  appears  to  be  very  similar  to  palm  oil. 


Physical  and  Chemical  Characteristics  of  Akee  Oil 


Specific 
Gmvity. 

Solidifying 
Point. 

Melting 
Point. 

Saponification 
Value. 

Iodine  Value. 

Reichert-Meissl 
Value. 

09°-100° 
(water 
16-5=1) 

•c. 

-c. 

Mgrms.  KOH. 

Per  cent. 

cc.  tV  norm. 
KOH. 

0-857 

20 

25-35 

194-6 

49-1 

0-9 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+  Uusaponidable. 

Specific 
Gravity. 

Solidifying 
Point. 

Melting 
Point. 

.Saponification 
Value. 

Iodine  Value. 

Per  cent. 

99"-100°  (water 
15-5  =  1) 

°C. 

-c. 

Mgrms.  KOn. 

Per  cent. 

93 

0-8365 

40-38 

42-46 

207-7 

1 

58-4 

Liquid  Fatty 
Acids. 

82-4 

^  Garsed,  Pharm.  Journ.,  1900,  691. 
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MACASSAR  OIL,  KUSUM  OIL 

French — Huile  de  Macassar.    German — Macassardl. 
Italian— OZio  di  Macassar. 

For  tables  of  characteristics  see  p.  554. 

Macassar  oil  is  the  fat  from  the  seeds  of  "  Paka  "  ("  pacca  "  in 
Calcutta),  Schleicheria  trijuga,  Willd.  (the  "  Kusum  "  ^  tree  of  India, 
"  Lac  tree  of  Kosumba,"  "  Ceylon  Oak  "),  belonging  to  the  Sapin- 
dacecB.^  The  seeds  consist  of  40  per  cent  of  shells  and  60  per  cent 
of  kernels.  The  latter  yield  70-5  per  cent  of  a  fat,  which  is  known 
in  India  as  "  Kon  oil,"  and  in  Celebes  as  "  Ketjatkil  oil  "  ;  known  also 
ia  Cambodia  as  "  Pongro  od." 

According  to  a  more  recent  examination,  carried  out  by  J.  H. 
Walker,  the  kernels  yield  604  per  cent  of  oil,  which  is  equivalent  to 
36-7  per  cent  of  oil  in  the  whole  nuts.^  Seeds  from  Cambodia  examined 
by  Heckel  *  consisted  of  35  per  cent  of  shells  and  '65  per  cent  of  kernels. 
The  whole  seed  yielded  by  extraction  with  carbon  bisulphide  40-8  per 
cent  of  oil  and  the  kernels  62-7  per  cent. 

The  fat  forms  at  the  ordinary  temperature  a  yellowish-white, 
buttery  mass.  It  consists  chiefly  of  the  glycerides  of  lauric,  palmitic, 
arachidic,  and  oleic  acids,  and  contains  also  small  quantities  of  acetic 
and  butyric  acids.  The  specimens  examined  by  Wijs^  yielded  45 
per  cent  of  solid  and  55  per  cent  of  hquid  fatty  acids.  A  very  small 
proportion  of  hydrocyanic  acid,^  from  0-03  to  0-05  per  cent  (Wijs), 
seems  to  be  characteristic  of  macassar  oil.  A  sample  examined  in 
the  author's  laboratory  had  the  acid  value  35-43.  Specimens  examined 
by  other  observers  gave  acid  values  varying  horn  6-2  to  19-2.  The 
amount  of  unsaponifiable  matter  in  the  specimen  examined  by  Wijs 
was  3-12  per  cent. 

In  the  Indian  villages  Macassar  oil  is  employed  as  an  illuminant, 
and  the  freshly  expressed  oil  is  used  for  cooking  purposes  in  the  United 
Provinces,  and  as  a  hair  oil  in  the  dangs  of  Bombay.  The  oil  is  also 
largely  used  for  medicinal  purposes,  thus  :  as  a  purgative  in  the  United 
Provinces,  as  a  prophylactic  against  cholera  in  the  Thana  division  of 
Bombay,  and  also  externally  in  massage  for  rheumatism,  for  removing 
itch  and  other  forms  of  skin  diseases. 

'  This  is  tlie  Hindustani  name  for  the  safllower  jilant,  and  perhaps  refers  to  the 
'colouring  matter  of  the  hic  insect  wliieli  often  feeds  upon  the  tree  (D.  Hooper,  AqricuU. 
Mger,  1905,  No.  1).  \  i    y  J 

-  The  native  name  (in  Celebes)  of  the  seeds  is  Kusanibi  (Koesamhio)  nuts  ;  hence  the 
alternative  name  Cassambium  spinoaum.  Other  Ijotanical  names  of  tlie  phmt  are 
'^UMmmmia  Hideruxylon,  Bl.,  and  MclUcocca  Mjuga,  Juss. 

•I  Afjricnll.  Ledcjer,  1905,  No.  1. 

■*  Les  Maliires  r/rassus,  1910,  1922. 

^  Zeilifchr.  f.  ph.ys.  (Jhem.ii:,  xxxi.  (Jubelljand)  25rj. 
F'roliably  liberated  by  the  action  of  an  enzyme  on  a  cyanogonetie  glueosido. 
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SAWARRI  FAT^ 

French — Huile  de  noix  de  Soitari.  German — SawaribuUer. 
Italian — Burro  di  nod  di  Souari. 

Sawarri  fat  is  contained  in  the  nuts  from  Caryocar  tomentosum, 
WUId.  {Caryocar  hutyrosum,  Willd.,  Caryocar  nuciferum),^  imported 
occasionally  fi'om  South  America  into  this  coimtry  as  "  butter  nuts  " 
from  Demerara,  where  they  are  Imown  under  the  name  "  Suari  "  or 
"  Sm-ahwa."  The  tree  has  been  introduced  into  St.  Vincent.  The 
seeds  contain  60  per  cent  of  a  fat  which  is  colourless  and  possesses  a 
pleasant,  nutty  taste.  The  free  fatty  acids  in  the  specimen  examined 
amounted  to  24  per  cent,  calculated  as  oleic  acid. 

The  solid  fatty  acids  consist  chiefly  of  palmitic  acid.  The  liquid 
fatty  acids  contain  besides  oleic  acid  (identified  by  its  oxidation  pro- 
duct, dihydroxystearic  acid)  a  hydroxylated  acid  which  is  readily 
converted  into  a  lactone.  The  acetyl  value  of  the  liquid  fatty  acids 
was  14-03. 


Physical  and  Chemical  Characteristics  of  Sawarri  Fat 


Specific  Gravity 
at  40°  0. 
(water  at 
15°  =  1) 

Solidifying 
Point. 
"C. 

Melting  Point. 
°C. 

Saponification 
Value. 
Mgrms. 
KOH. 

Iodine 
Value. 
Per  cent. 

Reicliert 
Value, 
cc.  ,1^  norm. 
KOH. 

0-8981 

29-23-3 

29-5-35-5 

199-51 

1 

49-.T    j  0-65 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Acids 
+Unsaponifiable. 
Per  cent. 

Solidifying 
Point. 

•c. 

Melting  Point. 
"C. 

Mean 
Molecular 
Weight. 

lodiuo  Value. 
Per  cent. 

96-91 

47-46 

48-3-50 

272-8 

51-5 

MAFURA  TALLOW^ 

French — Suif  (Beurre)  de  Mafura  ;  graisse  de  Mafouraire. 
German — Mafaratcdg.       Italian — Sego  di  Mafura. 

For  tables  of  characteristics  see  p.  558. 

Mafura  tallow  is  contained  in  the  seeds  of  {Mafureira  oleifera) 
Trichilia  emetica,  Vahl.     The  fruits  are  smaU  brown,  ovoid  nuts 

'  Lewkowitscli,  Journ.  Soc.  Chcm.  hid.,  1890,  844  ;  Proceed.  Okevi.  Soc,  1889,  69. 
^  According  to  Semler,  J)cr  TropcnpJla.nzer,  1887,  vol.  ii.  449,  the  oil  from  this 
specimen  of  Caryocar  i.s  known  as  Pekeanut  Oil. 

Bo  Negri  and  FaljriH,  Annuli  del  Lab,  (Jhim.  ddle  Oabelle,  1891-92,  271. 
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(about  f  incli  long  and  ^  inch  broad)  covered  with  a  thin  brown 
shell,  which  is  easily  detachable  by  rubbing;  about  1600  nuts 
weigh  one  pound.  The  kernels  amount  to  88  per  cent  and  the  shells 
to  12  per  cent  of  the  whole  nuts.  On  extracting  the  nuts  with  ether 
61  per  cent  of  fat  is  obtained,  whilst  the  kernels  alone  yield  68  per 
cent,  and  the  shells  alone  14  per  cent.^ 

The  production  of  this  seed  is  on  the  increase,  for  whereas  in  1911 
57,000  kgs.  were  exported  from  Lam-enzo  Marques,  in  the  first  six 
months  of  1913  the  exports  had  risen  to  2,000,000  kgs. 

The  fat  has  a  dark  yellowish  colour  which  cannot  readily  be  re- 
moved by  bleaching ;  it  is  free  from  taste.  Its  odom-  recalls  that  of 
cacao  butter. 

Suzzi  2  examined  seeds  fi'om  Ghinda  (Erythrea,  Italian  East  Africa). 
The  seeds  are  about  18  mm.  long  and  8  to  12  mm.  broad.  The  weight 
of  1  litre  of  seeds  is  about  520  grms.  The  kernels  are  white,  but 
rapidly  become  brown  on  drying.  The  shells  contata  51-2  per  cent, 
the  kernels  644  per  cent,  and  the  entire  nuts  60-5  per  cent  of  fat. 
Suzzi  examiaed  separately  the  fat  fi'om  the  shells  and  that  from  the 
kernels  with  the  results  set  out  below  : — 


Fat  from  the  Shells 
expressed  in  the  Cold. 

Fat  from  the  Kernels 
expressed  at  60°  C. 

Fat— 

Specific  gravity 
Solidifying  point 
Melting  point  . 
Saponilication  value  . 
Iodine  value 

Fait;/  Acids — 

Solidifying  point 
Melting  point  . 
Nentralisation  value . 
Mean  molecular  weight 

0-9192-0-9256  at  15°  C. 
4-a°  0. 

263-6 
65 

43-42°  C. 
46-47°  C. 

201-2 

278-8 

0-857  at  100°  C. 
32-38°  C. 
36-39°  C. 
198 
44 

50-5-48-5°  C. 
62-53-5°  C. 

205-8 

272-5 

An  examiaation  of  corresponding  samples  in  the  Imperial  Institute 
gave  the  following  somewhat  different  results  : — 


Fat  from 
SheUs. 

Fat  from 
Kernels. 

Fat  from 
entire  Nuts. 

Fat  from 
Kernels. 

Saponification  value  . 
Iodine  value  .... 
Titer  test  (fatty  acids) 
Unsapooifiable  matter,  per  cent 

209-7 
71-6 
45-4 
1-3 

200-3 
62-6 
53-2 
1-4 

240 
55-8 

241 
47-8 

Two  fats  evidently  corresponding  to  those  examined  by  Suzzi, 
and  prepared  by  the  natives  of  Portuguese  East  Afi-ica  (where  the 

1  J3idl.  Imp.  InM.,  1903,  27  ;  1908,  376. 
2  /  Semi  oleosi  e  gli  oil,  published  for  the  Milan  Exhibition,  1906,  36. 


MAFURA  TALLOW 


557 


fruits  are  known  under  tlio  native  names  Umhuhlu,  Mhhuhlu,  Maria, 
Manva-Maaiva,  Gnande,  Mafoureim,  Mafura,  or  Mafwrera),  were' 
examined  by  Daniel  and  M'Crae?-  The  mode  of  preparation  is  not 
stated,  beyond  the  indication  that  on  boiling  the  fruits  (with  water  ?) 
a  clear  yellow  oil — mafura  oil — ^is  skimmed  o£E,  which  is  used  for  cook- 
ing piu'poses,  and  that  after  the  seeds  are  crushed  mafura  tallow  is 
extracted.  The  latter  is  used  by  the  natives  for  greasing  the  slrin  ; 
it  is  considered  by  the  natives  to  be  poisonous,  but  the  toxic  properties 
have  not  been  confirmed  by  Daniel  and  M^Crae.  In  the  following 
table  the  results  of  their  examination  are  collated  : — 


Mnfnrn.  Oil 

Fat— 

Specific  gravity  at  15/15°  C. 

0-931 

at  30/15°  C. 
at  40/15°  C. 

0-920 

o'-'909 

0-913 

0-902 

Melting  point  ..... 

29-5°-38°  C. 

Saponification  value  .... 

202-5 

201 

Iodine  value  ..... 

66 

43-5 

Reichert-Wollny  value 

2-0 

1-3 

Saponification  value  of  acetylated  fat . 

235 

218 

True  acetyl  value  .... 

36-5 

16 

Butyro-refractometer  ;  "degrees" 

„             „          at  20°  G.  . 

65-6 

„                         at30°C.  . 

60-1 

„          at  40°  0.  . 

64-6 

47-3 

Unsaponifiable,  per  cent  . 
Free  fatty  acids,  ,, 

0-8 

1-2 

8-9 

14-7 

Insoluble  Fatty  Acids — 

Specific  gravity  at  92/15°  C. 

0-854 

0-43 

Solidifying  point  .... 

44-2°  C. 

52-r  0. 

Neutralisation  value  .... 

201 

204 

Saponification  value  .... 

206 

205 

Iodine  value  ..... 

68 

46 

Butyro-refractometer:  "degrees" 

37-2  at  50°  C. 

26-3  at  57°  C. 

"  Mafura  oil "  does  not  give  the  HalpJien  test,  and  is  optically 
inactive. 

Villon's  statement  that  it  consists  of  55  parts  of  olein  and  4-5  parts 
of  palmitin  requires  confirmation.  The  high  melting  point  of  the 
insoluble  fatty  acids  would  seem  to  render  this  fat  especially  suitable 
for  the  manufacture  of  soaps  and  candles. 

The  seeds  of  Trichilia  subcordata,  a  tree  growing  in  German  East 
Afi-ica  yield  55-7  per  cent  of  a  fat  having  the  following  characteristics  : — 


Fair— 

Solidifying  point 

30-24°  C 

Melting  point 

45°  C. 

Saponification  value 

.  201-5 

Iodine  value 

39-9 

Acid  value  . 

39-6 

Reichert-Meissl  value 

3-3 

1  Analyst,  1908,  276. 
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Faiiy  Acids — 

Solidifying  point  .         .         .         .51-5°  C. 

Melting  point  ....       54-65°  C. 

Iodine  value  ....  42-4 

Fat  from  tlie  seeds  of  Japanese  medlar  Eriobotrya  Japonica  ex- 
amined by  G.  Maderna  ^  had  the  following  characteristics  : — 


Eat  obtained  by 
Pressing. 

By  Extraction. 

Specific  gravity  at  15°  C  

Melting  point,  °  C  

0-967 

49 

48 

Butyro-refractometer  at  45°  C.     .      .  . 

75-5 

76 

90-5 

89-5 

179-9 

48-7 

48 

Reichert-Meissl  value  

5-4 

The  fatty  acids  had  the  neutrahsation  value  160  and  the  saponi- 
fication value  173.  The  soUd  acids  contained  arachidic  and  palmitic 
acids. 

Fat  from  Litsaea  Zeylanica,  which  appears  to  be  nearly  related  to 
tangkallak  fat,  is  obtained  from  the  seeds  of  a  tree  growing  in  the  Nilgiri 
Hills,  South  India.  The  seeds  yield  61  per  cent  of  a  yellowish  fat. 
The  following  characteristics  were  ascertained  by  D.  Hooper^  in  a 
specimen  having  the  acid  value  10. 


Specific  gravity  at  40°  C. 
Melting  point 
Saponification  value 
Iodine  value 
Fatty  acids  +  unsaponifiable,  per  cent 
Melting  point  of  fatty  acids,  °  C. 


0-9317 
40 
244-7 
46-5 
91-3  => 
40 


The  on  is  used  medicinally  as  also  for  candle-making. 

Physical  and  Chemical  Characteristics  of  Mafura  Tallow 


Solidifying 
Point. 

Melting 
Point. 

Saponifica- 
tion Value. 

Iodine 
Value. 

Observer. 

°C. 

°C. 

Mgrnis. 
KOH. 

Per 
cent. 

I.  Prepared  in  tiie  Laboratory  . 

„       from  the  entire  nuts 
II.  Cornmercial  .... 

33-25 

30-25 
37-30 

35-41 

35-40 
35-5-42 

200-08 

200-2 
220-96 

44-85 

47-5 
46-14 

De  Negri  and 

Fabris 
Suzzi 

De  Negri  and 
Fabris 

1  Boll.  Chim.  Farm.,  1910,  713. 

2  Annual  Report  Indian  Museum,  1908,  10. 


3  In  view  of  tbe  fact  that  this  fat  contains  large  quantities  of  lauric  acid,  the  jier- 
centage  found  would  depend  ou  the  amount  of  water  used  for  washing  the  latty  acids 
(see  Vol.  I.  p.  155). 
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Physical  and.  Chemical  Characteristics  of  the  Insoluble  Fatly  Acids 


Solidifying 
Point. 

Melting 
Point. 

Neutralisation 
Value. 

Saponification 
Value. 

Iodine 
Value. 

Observer. 

°  C. 

°  C. 

Mgnns. 
KOH. 

Mgrms. 
KOH. 

Per 
cent. 

I. 

IL 

47-  44 

49-46 
49-5 
(Titer  test) 

48-  44 

51-54 

51-  54 

52-  55 

194-3 

197 

46-92 
48-19 

De  Negri  and 

Pabris 
Suzzi 

De  Negri  and 
Fabris 

Mypistiea  Group 

The  members  of  this  group  belong  to  the  family  of  Myristicacece, 
and  are  characterised  by  a  large  proportion  of  myristin ;  hence  they  have 
high  saponification  values.  Some  of  these  fats,  like  ochoco  fat,  consist 
almost  entirely  of  myristin.  The  following  fats — arranged,  as  far  as 
is  possible  at  present,  in  the  order  of  their  iodine  values,  include  the 
better  known  members  of  this  group  : — 

(a)  Nutmeg  butter,  Mace  butter. 

(b)  Papua  nutmeg  butter. 

(c)  Myristica  malabarica. 

(d)  Kombo  fat. 

(e)  Fat  from  Myristica  canarica. 

(/)  Fat  from  Myristica  guatemalensis  =  virola  fat. 
(fj)  Fat  from  myristica  surinamensis. 
{h)  Ucuhuba  fat,  Urucaba  fat. 
(i)  Ochoco  fat. 

Iriya  oil}  the  oil  obtained  from  Myristica  iriya,  an  evergreen  shrub 
indigenous  to  Ceylon,  appears  to  be  an  ethereal  oil,  as  it  is  obtained 
from  the  bark.  This  oil  was  exhibited  at  the  Paris  Exhibition  of  1900, 
and  is  stated  to  be  applied  by  the  natives  as  a  remedy  in  cutaneous 
diseases. 


1  Dull.  Imj).  Inst.,  1901. 
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(a)  NUTMEG  BUTTER,  MACE  BUTTER 

French — Beurre  de  muscade.       German — MuslcatbuUer. 
Italian — Burro  di  noce  moscata. 

For  tables  of  characteristics  see  pp.  563,  564. 

Nutmeg  butter  is  obtained  from  the  seeds  of  Myristica  officinalis,  L. 
{M.  moschata,  Thumb.,  M.  fragrans,  Houtt.),  a  tree  growing  wild  on  the 
islands  of  the  Indian  Archipelago,  notably  Celebes,  Sumatra,  Java, 
Molucca,  and  the  Banda  Islands.  The  tree  is  now  cultivated  in  these 
islands.  By  far  the  largest  quantity  of  nutmegs  imported  into  Europe 
comes  from  the  Banda  Islands.  The  tree,  or  at  least  varieties  thereof, 
is  also  ctdtivated  in  the  West  Indies,  Brazil,  and  Guiana.  The  pericarp 
of  the  seed  yields  the  ariUus  (mace)  which  is  used  in  pharmacy,  as  a 
condiment  for  culinary  purposes,  and  for  the  preparation  of  the  ethereal 
oil  contained  in  it.  Formerly  the  small,  as  also  the  worm-eaten, 
rejected  nuts  which  could  not  be  exported,  were  worked  up  for  mace 
butter  on  the  islands  of  the  Indian  Archipelago.  The  nuts  were  ground 
to  a  coarse  meal,  filled  into  sacks,  and  steamed  for  about  six  hours 
over  boiling-pots.  The  sacks  were  then  subjected  to  pressure.  The 
butter  so  obtained  represented  a  brownish  mass.  This  was  exported 
in  the  shape  of  bars  (resembhng  soap  bars)  wrapped  in  cocoa  nut  tree 
leaves  (hence  these  bars  were  termed  "  soap  of  Banda  ").  At  present 
mace  butter  is  chiefly  obtained  in  European  works  (Holland),  where 
the  nuts  are  powdered  and  expressed  in  the  hot.  The  fat  is  also  pre- 
pared in  small  quantities  by  extraction  with  petroleum  ether,^  or 
common  ether,  in  pharmaceutical  laboratories. 

The  world's  annual  production  of  nutmegs  does  not  exceed  1500 
tons.  Only  a  small  quantity  thereof  is  used  in  the  manufacture  of 
nutmeg  butter,  so  that  the  price  of  the  fat  is  somewhat  high.  The 
seeds  contain  38-40  per  cent  of  fat.  Nutmeg  butter  has  the  con- 
sistence of  soft  taUow,  is  of  whitish  colour,  and  has  the  strong  taste 
and  odour  of  nutmegs. 

The  commercial  fat  varies  considerably  in  composition  (see  table 
below).  It  contains  from  4  to  10  per  cent  of  an  ethereal  oiP  (hence 
the  low  saponification  value),  and  consists  chiefly  of  trimyristin,  in 
addition  to  a  liquid  fat  and  free  fatty  acids. 

Gold  alcohol  dissolves  the  liquid  fat,  the  free  acids,  and  the  ethereal 
oil  (unsaponifiable),  leaving  about  45  per  cent  undissolved.  The 
undissolved  portion  yields  on  crystallisation  from  ether,  pure  trimy- 
ristin, melting  at  55°  C. 

Boiling  alcohol  dissolves  nutmeg  butter  almost  completely.  The 
solubility  in  alcohol  is  not  only  due  to  the  high  percentage  of  free 
fatty  acids  contained  in  the  commercial  samples,  but  also  to  the  ready 
solubility  of  myristin  itself  in  alcohol. 

1  Tlie  seeds  contain  38  to  40  per  cent  of  fat,  but  tlio  yield  obtained  by  expression 
hardly  reaches  30  per  cent. 

2  An  exhaustive  examination  of  the  ethereal  oil  has  been  nmdo  by  F.  B.  Power  ana 
A.  H.  Salway,  Joiirn.  Chem.  Soc,  1907,  2037. 
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The  followiug  table  contains  a  few  characteristics  ascertained  by 
Dieterich;  the  first  five  samples  were  prepared  by  extracting  nut- 


megs with  ether : — 


I 

No.  of 
Suniplc. 

Specific  Gravit} 
at  15°  C. 

Melting  Point. 
°C. 

Acid  Value. 

Saponification 
Value. 

lodino  Value. 

Solubility 
in  Paits  of 
Boiling 
Alcoliol. 

1 

22-4 

156-8 

2 

22-4 

159-6 

3 

0-996 

51 

22-4 

154-0 

15 

4 

22-4 

156-8 

5 

22-4 

156-8 

6 

0-945 

42 

39-2 

151-2 

12 

7 

0-957 

45 

33-6 

140-0 

12 

r\  'dot 
U  yoo 

48 

44-8 

134-0 

10 

9 

38-5-39 

17-25 

178-25 

45-32 

10 

42 

19-60 

173-13 

42-71 

11 

43 

18-67 

172-2 

40-14 

12 

42-5-43 

18-67 

174-54 

41-38 

13 

39 

21-93 

175  ■9:3 

52-04 

14 

38-5-39 

22-80 

178-67 

48-60 

The  following  are  the  results  of  an  examination  of  commercial 
samples  of  nutmeg  butter  by  Spaeth  : — 


Origin,  i 

Melting 
Point. 
°C. 

'  Saponification 
Value. 

Iodine 
Value. 

Keichert- 
Meissl  Value. 

Refractive  Index. 

Butyro-refractometer 
at  40°  C. 
"  Degrees." 

Banda  . 

25-26 

170-173 

77-8-80-8 

4-1-4-2 

76-82 

Bombay 

31-31-5 

189-4-191-4 

50-4-53-5 

1-1-1 

48-491 

Menado . 

25-5 

169-1 

76-9-77-3 

74-74-5 

Penang  . 

26 

171-8-172-4 

75-6-76-1 

84-5-85 

Macassai' 

25-25-5 

171-8-172-4 

75-6-76-1 

78-5 

Zanzibar 

25-5-26 

169-9-170-5 

76-2-77 

77-5 

The  discrepancies  in  the  iodine  values  may  perhaps  be  due  to  the 
varying  quantities  of  ethereal  oil.  An  experiment  carried  out  in  the 
author's  laboratory,  however,  did  not  confirm  this  view,  as  a  sample 
of  genuine  nutmeg  butter  of  the  iodine  value  59-3  showed,  after  being 
freed  from  its  ethereal  oil  by  a  current  of  steam,  the  iodine  value  58-3. 

From  recent  experiments  made  by  Fabris  and  Seltimj^  it  would 
appear  that  either  the  essential  oil  had  not  been  driven  off  completely 
in  this  experiment  or  that  there  are  present  in  crude  nutmeg  butter 
other  foreign  substances  which  are  not  readily  volatilised.  Fabris 
and  Setlimj  digested  crude  nutmeg  butter  obtained  by  extraction  with 
^her  with  95  per  cent  alcohol  at  a  low  temperature  (not  exceeding 

'  This  fat  is  derived  from  Myrintica  malabarica,  Lam.  (p.  565)  and  should  tliere- 
tore  not  have  been  included  by  Spaeth  in  the  above  given  table,  (i'rivato  coninuinica- 
"on^to  tlie  antlior  from  D.  Hooper,  In.lian  Museum,  Calcutta.) 

AUi,  del  VI.  CotKjresso  iniernaz.  di  chimica  applieala,  Konia,  1907,  v.  766. 
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5°  C),  and  thus  resolved  tlie  crude  nutmeg  butter  (the  characteristics 
of  which  are  given  in  the  tables  p.  563)  into  an  alcohol-insoluble,  almost 
white  and  odourless  fat,  and  an  oUy,  reddish-brown  fat  having  a  very- 
pronounced  smell  of  mace.  The  latter  portion  formed  about  6  per 
cent  of  the  crude  fat.  Some  characteristics  of  the  alcohol-insoluble 
and  alcohol-soluble  portions  were  ascertained  by  Fabris  and  Settimj  ; 
it  would  appear  that  the  alcohol-insoluble  portion  is  practically  pure 
myristin. 


Pat  Insoluble  in 
Alcohol  at  5°  C. 

OU  Soluble  in 
Alcohol  at  5°  C. 

Melting  point  

Butyro-refractometer  ;  "  degrees  "  . 

55  to  56°  C. 
226-1 
7-0 

35  at  50°  C. 

46-8 
114-3 
93-5  at  90°  C. 

Nutmeg  butter  is  frequently  substituted  by  fats  from  other  species 
of  Myristica.  Eecently  the  demand  for  mace  butter  has  caused  the 
importation  of  nuts  from  Myristica  argentea,  Warb.,  the  so-called 
Papua  nutmeg,  growing  wild  in  Dutch  New  Guinea  (see  below).  It 
has  been  stated  that  commercial  mace  butter  is  frequently  nothing 
else  but  Papua  nutmeg  butter  (see  b). 

Adulteration  with  waxes  or  unsaponifiable  (mineral)  waxes  can 

be  easily  detected. 

In  the  East  nutmeg  butter  serves  for  medicinal  purposes.^  In 
Europe  the  butter  is  given  in  the  official  pharmacopoeias  as  Oleum 
myristiccB ;  it  is  used  as  a  basis  for  ointments,  etc. 

The  examination  of  a  genuine  nutmeg  butter,  obtained  by  express- 
ing genuine  Ceylon  nutmegs,  was  recently  undertaken  by  Power  and 
Salway?  The  crushed  nutmegs  were  subjected  to  a  pressure  of  4000 
lbs.  per  square  inch,  at  a  temperature  ranging  between  45°  and  75°  C. 
for  eight  hours,  and  were  allowed  to  remain  under  pressure  for  about 
twelve  hours,  during  which  time  the  temperature  gradually  fell.  The 
yield  amounted  to  26-6  per  cent.  The  same  raw  material  yielded  on 
extraction  with  ether  42-9  per  cent  of  fat. 

The  following  table  contains  some  characteristics  of  (1)  the  ex- 
pressed fat,  (2)  the  fat  extracted  by  ether,  (3)  the  expressed  fat  fi'eed 
horn  essential  oil  by  a  current  of  steam,  and  (4)  the  total  fatty  acids 


Expressed 

rat. 

Fat 
extracted 
by  Ether. 

Expressed 
Fat  free  from 
Essential  Oil. 

Total  Eatty 
Acids. 

Specific  gravity  50/50°  C.  . 
Melting  point      .      .      .  • 
Saponification  value  . 
Iodine  value       .      .      .  • 
Acid  value  

0-9399 
48°  C. 
174-6.. 
57-8 
11-2 

0-9337 
50°  C. 
180-5 
45-7 
12-9 

0-9443 
49°  C. 
199-6 
35-7 
14-0 

0-9012 
49°  C. 

23-1 
218-3 

1  Krasscr,  Chem.  Jievue,  1897,  331. 


2  Jotirn.  Chem.  Soc,  1908,  1653. 
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Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Insoluble  Aoicis 
+  Unsaponiliable. 

Solidifying  Point. 

IVIelting  Point. 

Iodine  Value. 

Per  cent. 

Observer. 

°C. 

Ob.servei'. 

°C. 

Observer. 

Per  cent. 

Observer. 

40 
44-45 

Hubl 
F.  and  S. 

48-49 

n  11  ui 
F.  and  S. 

31-6 

F.  and  S. 

Liquid  Fatty  Acids. 

Titer  Test. 

93-5 

F.  and  S. 

35-5- 
35-95 

Lewko- 
witscli 

The  results  of  the  investigation  are  summarised  in  the  following 
table  : — 


Essential  oil  . 
Trimyristia 

Oleic  acid,  as  glyceride  .... 

Linolenic  acid,  as  glycerido  .... 
Formic,  acetic,  and  cerotic  acids  (very  small  amounts) 

Unsaponifiable  matter  .... 

Resinous  material      .  .         .         .  • 


12-5  per  cent 
73-0 

3-0  „ 

0-5  „ 

8-5  „ 
2-0 

99-5  per  cent 


The  unsaponifiable  matter  consisted  of  a  substance  of  the  formula 
CigHagOg  (amounting  to  about  5  per  cent  of  the  expressed  oil),  some 
myristicia,  CnHjaOg,^  and  a  very  small  amount  of  an  alcohol,  CgoHg^O, 
meltiag  at  134°-135°  C.  This  alcohol  is  described  as  a  "  phytosterol  "  ; 
it  difiers  from  the  ordinary  phytosterol  (sitosterol)  (Vol.  I.  Chap.  III.) 
by  its  different  chemical  composition,  although  it  has  the  same  melting 
point. 

In  addition  to  the  Myristica  species  enumerated  (pp.  559,  570)  the 
following  other  members  of  the  "  Myristica  Group  "  are  described  by 
D.  Hooper  ^  -.—Myristica  malaharica,  M.  canarica,  M.  guatemalensis, 
M.  laurifoUa. 

(&)  PAPUA  NUTMEG  BUTTER 

French — Beurre  de  muscade  de  Papiia 
("  Macassar  nutmeg  butter  "). 

"  Papua  nutmeg  butter,"  the  fat  from  Myristica  argentea,  Warb., 
contains  no  ethereal  oil,  but  is  said  to  have  the  same  characteristics 
as  the  fat  from  Myristica  officinalis  (see  above). 

1  Power  and  Salway,  Journ.  Chem.  Soc,  1907,  2037. 
"  AcjriciM.  Ledger,  1907,  No.  3. 
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(c)  FAT  KROM  MYRISTICA  MALABARICA 

The  seeds  of  M.  malabarica,  a  tall  evergreen  tree  growing  in  the 
forests  of  Konkan,  Kanara,  Malabar,  and  Travancore,  are  sold  in 
Bombay  as  "  kaiphal."  The  seeds  contain  32  per  cent  of  shells,  and 
yiekl  40-76  per  cent  of  fat  and  resins.  The  mace  of  the  Bombay  seeds 
differs  entirely  from  that  of  the  genuine  mace  from  the  official  nutmeg. 
The  mace  of  M.  malabarica  yields  63-26  per  cent  of  fats  and  resins. 
The  fat  from  the  kernels  of  this  species  differs  completely  from  the 
fat  fr-om  M.  officinalis.  The  characteristics  of  a  Bombay  fat  (from 
M.  malabarica)  are  given  on  p.  561,  in  the  table  due  to  Spaeth,  and  it 
\vill  be  observed  that  they  differ  entirely  from  those  of  the  fat  from 
Myristica  officinalis. 


(d)  KOMBO  FAT,  KOMBO  BUTTER 

French — Beurre  de  kombo,  beurre  de  mutage. 

This  fat  is  obtained  from  the  seeds  of  Myristica  angolensis,  Welw., 
which  are  known  in  the  Jebu-Ode  district  of  Southern  Nigeria  by  the 
name  "  Acoomoo."  ^  In  the  Gold  Coast  Colony  the  seeds  are  known 
under  the  native  name  "  Ote  seeds."  ^  In  the  Gaboon  this  oil  is  known 
as  beurre  de  Kombo,^  in  Angola  as  beurre  de  Mutage  or  beurre  d'lJcoum 
(Panouin).  The  seeds  are  described  by  Warburg  as  being  obtained 
from  Pycnanthus  Kombo  (Baillon),  Warb.  This  latter  tree  is  widely 
distributed  in  the  Gaboon  (where  it  is  known  as  arbre  a  suif  du  Gabon), 
in  the  Congo,  and  Angola.  The  seed,  after  being  freed  from  the  arillus, 
but  still  retaining  the  shell,  gave  by  extraction  with  carbon  bisulphide 
45-5  per  cent  of  fat ;  the  endosperm  alone  yields  56  per  cent  of  a  fat 
melting  at  51°  C,  and  solidifying  at  49°  C.  The  fat  has  a  pleasant 
aromatic  smell,  but  on  standing  is  said  to  develop  the  odour  of  tri- 
methylamine. 

Specimens  of  fruits  received  by  the  Imperial  Institute'*  fr-om 
Northern  Nigeria  were  of  the  size  of  a  small,  oval  plum,  weighing  in 
the  dry  state  about  4  grms.  The  fruit  breaks  up  easily  into  two 
thick,  hard  pieces  of  husk,  and  an  inner  nut,  covered  with  a  false  arillus. 
The  seeds  are  frequently  mistaken  for  nutmegs  but  they  contain  no 
ethereal  oil. 

The  nut  has  a  very  thin  shell  which  can  be  easily  removed  from  the 
contamed  kernel.  The  ground  kernels  yielded  on  extraction  with 
I'ght  petroleum  ether  54  per  cent  of  a  hard  fat,  having  the  following 
characteristics  : — 


Tr  •'  ^-..I^jabhle,  Quart.  .Toiirn.  Inst,  of  Comm.  Research  in  the  Tropics  (Liverpool 
llnivcrsity),  1907,  vol.  ii.  No.  5,  132. 

Catalogue  of  Exhibits  of  the  Gold  Coast  Colony,  Fraiico-Britisli  Exhibition,  1908. 
p  10.5  Oraines  grasses  nnuvelles  on  peu  connucs  des  colonics  fran(;aiscs, 

*  Bull.  Imp.  Inst.,  1908,  378. 
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Crude  Fat. 

Keflned  Tat. 

opeciiic  gravity  at  yy  l.,  (water  at  lo  0.=l} 

26-5 

nil 

255-0 

1  S^'O 

XOO  V 

65-4 

33-7 

Insoluble  fatty  acids+unsaponifjablo 

90-9 

37 

37-6 

The  very  great  difference  in  tlie  iodine  values  between  the  crude 
and  refined  fats  is  not  readily  explainable. 

The  "  Mace  "  yielded  to  solvents  57-04  per  cent  of  an  oil  which 
develops  a  deep  violet  colour  on  treatment  with  alkalis.  The  oil  gave 
the  following  numbers  : — 


Specific  gravity  at  99°  C.  (water  15°  C.  =  l)    .         .  0-866 

Saponification  value        .....  214 

Iodine  value         .  ....  77-45 

Insoluble  acids  +  unsaponifiable,  per  cent       .         .  91-2 

Titer  test  (fatty  acids)    .         .         .         .         .  35°  C. 

The  specimen  had  the  acid  value        .         .         .  40-7 


(e)  FAT  FROM  MYRISTICA  CANARICA 

The  seeds  from  Myristica  canarica  have  been  occasionally  imported 
into  this  country  under  the  name  "  Oil  Nuts  "  from  Africa  and  South 
America.  In  India  the  seeds  are  derived  from  the  "  Candle-nut  tree," 
growing  on  the  Western  Ghats,  from  the  Konkan  southwards. 

The  entire  seeds  yield  49-4  per  cent  of  fat ;  the  mace  54-6  per  cent 
of  fat ;  the  kernels  separated  from  the  shells  furnish  64-76  per  cent  of 
fat.  The  fat  was  light  brown  and  crystalline,  and  gave  in  the  cold 
with  strong  sulphuric  acid  a  carmine-red  colour. 

The  following  characteristics  were  ascertained  by  Hooper  : — 

Fair— 

Melting  point  37-5°  C. 

Saponifi^cation  value  ....  215-02 
Iodine  value  .....  26-64 
Acid  value       .....  37-08 

Fatty  Acids — 

Insoluble  acids  +  unsaponifiable      .         .  92  per  cent 

Melting  point  .....  41°  C. 

Neutralisation  value  ....  217-53 

The  solid  fatty  acid  was  separated  by  means  of  the  lead-salt-cther 
method  and  was  found  to  consist  of  myiistic  acid ;  the  proportion  of 
myristic  acid  was  foimd  to  be  70-8  per  cent. 
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(/)  FAT  FROM  MYRISTICA  GUATEMALENSIS,  VIROLA  FAT 

The  seeds  of  Virolafat,  from  Virola  venezuelensis,  Warb.,  known  in 
Venezuela  by  tbe  local  name  "  cuajo,"  contain,  like  the  seeds  from 
Mijristica  moschata,  besides  tbe  fatty  oil,  an  ethereal  oil.  The  seeds 
yield  47-5  per  cent  of  a  brown  fat,  from  which  pure  myi-istin  of  the 
melting  poiut  54:°-55°  C.  can  be  obtained  by  crystallising  twice  from 
ether  (cp.  Vol.  I.  Chap.  I.).  Virola  guatemalensis  (Warb.),  "African 
oil  nuts,"  yield  an  oil  of  the  iodine  value  13-8.  This  is  possibly 
identical  with  the  oil  from  the  nuts  of  Virola  surinamensis.  The  shell 
forms  17  per  cent  of  the  seed ;  the  kernels  yield  74-7  per  cent  of  a 
hght  brown  fat,  for  which  Grimme  ^  ascertained  the  following  char- 
acteristics : — 


Fat— 


Specific  gravity  at  50°  C.  . 

0-8996 

Solidifying  point,  °  C.  . 

.  44-5 

Melting  point,  °  C.  . 

.  47-0 

Saponification  value 

.  221-5 

Iodine  value  ..... 

.  12-4 

Acid  value  ..... 

19-1 

Eefractive  index  at  40°  C. 

1-4541 

Fatty  Acids — • 

Insoluble  acids  +  unsaponifiable,  per  cent 

.  95-18 

TJnsaponifiable,  per  cent  . 

0-86 

Solidifying  point,  °  C.  . 

.  39-5 

Melting  point,  °  C.  . 

.  43-0 

Iodine  value  .... 

.  12-9 

Mean  molecular  weight 

.  253-2 

Refractive  Index  at  46°  C. 

1-4482 

{g)  PAT  FROM  MYRISTICA  SURINAMENSIS 

This  fat  is  obtained  from  the  "  oil  nuts,"  the  seeds  of  Myristica 
surinamensis,  Virola  surinamensis,  Warb.  It  has  a  crystalline  structure, 
melts  at  45°  C.  {Reimer  and  Will.),^  and  appears  to  have  a  chemical 
composition  similar  to  that  of  ucuhuba  fat.  A  specimen  of  crude 
commercial  fat  contained  87  per  cent  of  triglycerides,  6-5  per  cent  of 
free  myristic  acid,  and  a  caoutchouc-like  (resinous)  substance.  To 
the  presence  of  the  last-named  substance  must  be  ascribed  the  fact 
that  the  crude  fat  is  not  completely  soluble  in  petroleum  ether  or  in 
boilmg  alcohol.  The  amount  of  insoluble  fatty  acids  +  unsaponifiable 
found  by  Valenta  as  93-4  per  cent  includes,  of  course,  the  resiuous 
substance.  Probably  identical  with  this  is  the  seed  from  Virola  guate- 
malensis, cp.  p.  567,  examined  by  Grimme.  The  seeds  consisted  of 
14-6  per  cent  shell  and  85-4  per  cent  of  kernels.  The  kernels  yielded 
60-7  per  cent  of  a  light  brown  crystalline  fat  which  had  the  following 
characteristics  : — 

1  Chtm.  Revue,  1910,  233  ;  263.  a  Berichle,  1888,  2011. 
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Fat— 

Specific  gravity  at  50°  C.         .         .         .         .  0-9005 

Solidifying  point,  °  0.    .         .         .         .         .  38-5 

Melting  point,  °  C.        .         .         .         .         .  41-0 

Saponification  value       .....  244-0 

Iodine  value       ......  13-8 

Acid  value  ......  27-9 

Refractive  index  at  50°  C   1-4539 

Falty  Acids— 

Insoluble  acids  +  unsaponifiable,  per  cent      .         .  94-83 

Unsaponifiable  matter,  per  cent         .         .         .  1-13 

Solidifying  point,  °  C   36-8 

Melting  point,  °  C.         .         .         .         .         .  38-0 

Iodine  value        ......  15-6 

Mean  molecular  weight  .....  246-5 

Eefractive  index  at  50°  C   1-4486 


(h)  UCUHUBA  FAT,  URUCABA  FAT,  BICUHYBA  FAT  ^ 

Frencli — Graisse  d'Ucuhuba,  Suif  du  Muscadier  brasilien. 
German — U cuhubafelt,  Urucabafeit. 
Italian — Sego  di  ucuhuha. 

Ucuhuba  fat  is  obtained  from  the  nuts  of  Virola  (Myristica)  bicuhyba, 
Humb.  It  is  stated  that  the  fat  from  Virola  bicuhyba  is  usually  mixed 
in  Brazil  with  that  of  Myristica  officinalis.  Owing  to  the  crude  method 
employed  in  its  preparation,  the  fat  as  brought  into  the  market  is 
yellowish  brown,  and  has  an  aromatic  odour  (due  to  a  small  quantity 
of  an  ethereal  oil),  recalling  that  of  cocoa  nut  oil. 

Ucuhuba  fat  consists  of  myristin  and  olein  (10-5  per  cent),  small 
quantities  of  an  ethereal  oil,  of  a  resinous  substance,  and  of  a  wax- 
like compound.  The  resiaous  substance  is  soluble  in  ether,  hot  alcohol, 
petroleum  ether  (?),  and  chloroform. 

The  sample  examined  by  Valenta  contained  8-8  per  cent  of  free 
fatty  acids.  A  sample  examined  by  the  author  contained  3-15  per 
cent  of  resinous  matter  and  3-05  per  cent  of  unsaponifiable  matter. 


Physical  and  Chemical  Characteristics  of  Ucuhuba  Fat 


Specific  Gravity. 

Solidifying 
Point. 

Melting 
Point. 

Saponi- 
fication 
Value. 

Iodine 
Value. 

Reichert- 
Meissl 
Value. 

Observer. 

At°C. 

°C. 

°C. 

Mgrms. 
KOH. 

Per  cent. 

c.c.  A 
norm. 
KOH. 

32-32-6 

39 
42-5-43 

219-220 

9-6 

Valenta  ^ 
Nordlingei' " 

100 
100 
100 
15 

0-9127- 
0-8715, 

35-44-7 

218-8 

18-5 

2-68 

Lewkowitsch 

1  French  patent  394,362  ;  Bngli.sh  patent  19,511,  1908  ;  Unlian  patent  292/2:!5/! 
=  Journ.  Soc.  Ohem.  Ind.,  1889,  202.  '  Jierichle,  1888,  2( 
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Insoluble  Acids 
+ Unsaponiflable. 

Melting  Point. 

Per  cent. 

°C. 

Observer. 

93-4 
89-37 

46 
42-5-43 

Valenta 

Nordlinger 

Lewkowitsch 

{i)  OCHOCO  PAT  ^ 

French — Beurre  d'Ochoco.    German — Ochocofett. 

Ochoco  fat  is  contained  in  the  seeds  of  Scyphocephalium  ochocoa, 
War.,  a  tree  indigenous  to  the  west  coast  of  Africa.  From  a  descrip- 
tion pubUshed  by  Pierre  ^  it  appears  that  the  nuts  have  no  arHlus  and 
that  they  are  non-dehiscent.  He  therefore  looked  upon  the  plant  as 
representing  a  new  genus  of  Myristicacese,  and  named  the  tree  Ochocoa 
(jabonii.  Warburg,^  in  1895,  described  the  tree  as  Scyphocephalium 
chrysothrix,  and  later  in  1897  as  Scyphocephalium  ochocoa.^  The 
statement  he  made  in  1895,  viz.  that  the  nuts  had  an  arillus  and  are 
dehiscent,  was  corrected  later  on,^  in  so  far  that  the  question  as  to 
whether  the  nuts  were  possessed  of  an  arillus  or  not  was  left  open. 
A  very  large  number  of  nuts  examined  some  years  ago  by  HecJcel,^ 
as  also  those  submitted  to  the  author,  showed  no  sign  of  an  arillus, 
and  hence  would  not  yield  ethereal  oil. 

The  specimens  examined  by  the  author  were  identified  by  the 
Kew  authorities  as  the  kernels  of  Scyphocephalium  ochocoa.  The 
average  weight  of  the  kernels  is  10  grms.  ;  the  smallest  weighing  5 
grms.  and  the  largest  12-5  grms.  The  kernels  together  with  the  thin 
husks  surrounding  the  endocarp  yield  58-8  per  cent  of  fat.  By  what- 
ever process  the  fat  is  prepared,  a  dark  brown  coloming  matter  is  at 
the  same  time  extracted,  which  is  so  tenaciously  retained  by  the  fat, 
that  the  author  has  hitherto  been  unable  to  remove  it.  Similar 
difficulties  were  met  with  by  HecJcel  and  his  collaborators.  This  dark 
colouring  matter  is  not  only  contained  in  the  husks  but  also  in  the 
membranous  extension  of  the  husk  (spermoderm)  which  passes  through 
the  whole  of  the  endosperm,  in  €he  form  of  irregular  lamella)  radiating 
from  the  chalaza.  As  the  examination  of  the  dark  fat  offered  some 
difficulties,  the  only  way  to  obtain  a  fat  free  from  colouring  matter 

^  Lewkowitach,  Analyst,  1908,  313. 

•!  ^i"^^"  ''''  ^"i-n^'enne  (le  Paris,  1898,  No.  5.    Seance  du  jwcmicr  mai,  189(5. 

_   '  "  I'lentificiernng  der  .sogeiuiiiiiten  OcliocoiiiisHe  aus  Ga1)uii  iiiit  Suypliocu])liaIiuni 
eiiierneuen  MuskatnuHs-Gattuug,"  Nntizhlatt  dcs  Kmiiglich.  liol.  (larC  Berlin,  189.''). 
'^V'^rbiirg,  "Monographic  dcr  Myristicacccn,  Acta  Leojmldiiia,  llnllo  a/S.  l.wiii., 

1897. 

'  I-'es  Oraines  grasses  nouvelles  ou  peu,  cminues  des  colonies  frani^aiscs,  Paris,  1902. 
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was  to  cut  out  the  wMte  endosperm  carefully  by  hand.  The  amount 
of  endosperra  so  obtained  formed  84-7  per  cent  of  the  kernels.  These 
84-7  per  cent  contained  69-4  per  cent  of  fat. 

The  white  endosperm,  on  being  extracted  in  the  usual  manner, 
yielded  a  perfectly  white  fat  of  the  acid  value  1-42,  which  gave  the 
following  characteristics  : — 


Fat^ 

Specific  gravity  at  60°  C.  (water  at  4°=1) 
Melting  point,  °  C. 
Saponification  value 
Iodine  value 
Reichert-Meissl  value 
Insoluble  volatile  acids  required 
Unsaponifiable  matter,  per  cent 

Fatly  Acids— 

Mean  molecular  weight  of  tlie  fatty  acids, 

freed  from  unsaponifiable  matter 
Melting  point  (capillary  tube),  °  C.  . 
Iodine  value  ..... 


0-  8899 
45-48 

238-5 

1-  72 
0-65 

4-OOc.  c.  deoinorm.  KOH. 
0-37 


221-9 
47-2 
1-47 


These  numbers  lie  so  near  to  those  yielded  by  myristin  that  the 
fat  may  be  considered  as  consisting  of  practically  pure  myristin,  or 
about  98  per  cent  of  myristin  and  about  2  per  cent  of  olein.  The 
mixed  fatty  acids  gave  on  separation  by  means  of  the  lead-salt-ether 
method  12-82  per  cent  of  acids,  the  lead  salts  of  which  were  dissolved 
by  ether.  The  acids  obtained  from  these  lead  salts  were,  however, 
solid,  melted  at  31-7-32-2°  C.  (in  a  capillary  tube),  and  absorbed  no 
more  than  9-9  per  cent  of  iodine. 

The  mean  molecular  weight  of  the  insoluble  volatile  acids  was 
found  to  be  227-3  (myristic  acid  =  228)  ;  they  melted  at  43-3-48-9°  C. 
The  mixed  fatty  acids  lost  by  washing  with  a  considerable  quantity 
of  boiling  water  were  only  1-5  per  cent.  This  shows  that  the  acids 
consist  practically  of  pure  myristic  acid,  and  inferentially  that  ochoco 
fat  is  free  from  laurin. 

The  natives  apply  the  name  "  Ochoco  "  indiscriminately  to  several 
edible  fruits,  such  as  the  fruits  from  Lophira  alata  (see  "  Niam  Fat "), 
etc. 


OTOBA  FAT 

Otoba  fat,  commercially  known  also  as  otoba  wax,  is  the  fat  n'Oin 
Myristica  otoba,  Humb.  and  Bonp. 

The  otoba  fat,  which  is  known  as  American  mace  butter,  is  obtained 
in  New  Granada  by  pressing  the  seeds.  In  its  fresh  state  it  has  _a 
pleasant  aromatic  odour,  like  mace  butter,  but  in  the  melted  state  it 
has  an  unpleasant  smell.  According  to  Uricoeohea  ^  the  fat  consists 
of  myristin,  olein,  and  a  substance  termed  by  him  otobit.    This  sub- 

1  Liebig's  Annal.,  1854  (91),  369. 
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stance  is  stated  to  crystallise  in  large  prisms  of  melting  point  133°  C. 
(sitosterol  ?). 


FAT  FROM  VIROLA  SEBIFERA 

This  fat  is  obtained  by  boiling  the  fruit  from  Virola  sehifera,  Aubl., 
with  water.  It  forms  a  yellowish  tallow-like  mass,  of  shght  ethereal 
odom-,  having  the  specific  gravity  0-995  at  15°  C,  and  melting  at  45° 
C.  The  fat  is  stated  to  consist  chiefly  of  myristin  and  olein,  and  is  used 
commercially  in  Guiana  in  the  manufacture  of  soaps  and  candles. 


OCUBA  FAT 

The  fat  from  Myristica  ocuba,  Humb.  and  Bonp.,  commercially 
known  as  ocuba  wax,  is  obtained  from  the  fruits  of  a  shrub  similar 
to  our  hazel  nut  trees.  The  nuts  are  surroimded  by  a  thick  skin, 
which  yields  on  extraction  with  water  a  pink  colouring  matter — 
ocuba  red.    The  seeds  yield  20-22  per  cent  of  "  ocuba  wax." 

This  fat  is  a  commercial  article  in  Belem,  the  capital  of  the  province 
Para  in  Brazil,  and  is  used  there  as  a  candle-making  material.  An 
exhaustive  examination  of  this  fat  has  not  been  made  yet.  The 
specific  gravity  is  stated  by  some  writers  as  0-920  at  15°  C,  and  its 
melting  point  is  given  as  39°-40°  C.  These  data  render  it  extremely 
unlikely  that  "  ocuba  wax  "  is  chemically  speaking  a  wax  ;  hence  it  is 
classed  by  the  author  amongst  fats. 


FAT  FROM  VIROLA  MICHELI 

This  fat  is  obtained  from  the  nuts  of  Virola  Micheli,  Heckel,^  a 
tree  occurring  in  French  Guiana.  The  arillus  yields  by  extraction 
with  carbon  bisulphide  47-1  per  cent  of  a  mixture  of  ethereal  oil  and 
fat.  The  endosperm  gave  65-41  per  cent  (51-25  per  cent  of  the  total 
seed)  of  a  solid  white  fat  which  must  have  contained  considerable 
quantities  of  foreign  substances,  including  ethereal  oil,  as  the  specific 
gravity  is  stated  by  Meckel  to  be  1-043  at  15°  C. 


FAT  FROM  STAUDTIA  KAMERUNENSIS 

The  seeds  of  Staudtia  Kamerunensis,  Warb.,^  freed  from  the  arillus, 
yield  31-7  per  cent  of  solid  fat  of  a  yellow  colour,  and  an  aromatic 
taste  and  odour.  The  insoluble  fatty  acids  solidify  at  39-2°  C,  and 
are  stated  to  consist  of  myristic  and  oleic  acids. 

'  Les  Omines  grasses  nouvelles  nu  jmb  connues  des  colonies  francaises,  p.  118. 

2  Ibid.  p.  111. 
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PHULWARA  BUTTER,  INDIAN  BUTTER 

Frencli — Beurre  de  Fulware  {OM,  Ghee).  German — FulwahuUer, 
Phulwarabutter.  Italian — Burro  di  Fulwara  ;  hurro  di  ghee. 

For  table  of  characteristics  see  p.  573. 

This  fat  is  expressed  from  the  seeds  of  Bassia  {IlUpe)  hulyracea, 
Roxb.,  the  Indian  "  butter  tree  "  (known  locally  under  the  names 
"  Phulvara,"  "  Churi,"  "  Yel  "),  indigenous  to  the  Himalayas.  It  must 
not  be  confounded  with  Mowrah  seed  oil  nor  Mahua  butter.  The  seeds 
contain  50-52  per  cent  of  fat,  which  has  the  consistence  of  lard,  and 
is  stated  to  keep  well,  even  in  India,  without  becoming  rancid. 

The  specimen  examined  by  Crossley  and  Le  Sueur  had  the  acid 
value  16-44.    No  stearic  acid  could  be  detected  in  the  fatty  acids. ^ 

Phulwara  butter  is  one  of  the  most  important  food-stuffs  amongst 
the  natives  of  the  North-West  Provinces,  on  accoimt  of  its  pleasant 
odour  and  agreeable  taste.  The  butter  is  also  highly  valued  as  an 
ointment,  when  properly  perfumed  ;  it  is  frequently  adulterated  in 
India  with  kokum  butter  and  mahua  butter. 

1  Meuon,  Journ.  Soc.  Chem.  Ind.,  1910,  1428. 
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Observer. 

Crossley  and 

Le  Sueur 
Menon  ^ 

Viscosity 
Seconds 
at  140°  F. 

1104 

Refractive 
Index  at  40°  C. 

Butyro- 
refractometer. 
"  Degrees." 

48-2 
44-0 

Unsaponiflable 
Matter. 

Per  cent. 

2-20 

Insoluble 
Acids + Un- 
saponiflable 

Per  cent. 

94-86 
951 

Reichert- 
Meissl 
Value. 

a 

§M 

d 
d 

0-  44 

1-  25 

Iodine 
Value. 

Per  cent. 

42-12 
41-2 

Saponification 
Value. 

iw 

t-  o 

190-8 
194-6 

Melting 
Point. 

d 

0 

39 
43-51 

Specific 
Gravitv 
at  100°  C. 
(water  100° =1). 

0-8970 
0-8924 

^^ 

o 

c3 


o 

c3 
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SURIN  FAT  ^ 

Frencli — Huile  de  Surin.  German — Surinfett. 

Italian — Sego  di  Surin. 

Snrin  fat  is  probably  derived  from  the  seeds  of  a  species  of  Palaquium. 
A  specimen  obtained  by  the  author  fi-om  the  Imperial  Institute  was 
described  as  "  Minyak  surin,  from  Perak,  Straits  Settlement."  After 
removing  some  impmities  by  filtering,  the  following  characteristics 
were  ascertained  in  a  sample  containing  43-2  per  cent  of  free  fatty 
acids. 


Fat— 


Specific  gravity  at  60°  C.  (water  at  60°  C.= 

1)  ■ 

0-9021 

Solidifying  point,  commences  to  solidify  at  ° 

C. 

48-9 

„        „        solid  at  °  C. 

43-90 

Melting  point  (capUlary  tube),  °  C. 

56-1 

Saponification  value 

179-6 

Unsaponifiable  matter,  per  cent  . 

4-54 

Iodine  value  .         .         .         .  . 

42-31 

Reichert-WoUny  value 

0-65 

Fatty  Acids — 

SoUdifjdng  point,  °  C. 

69-1 

Mean  molecular  weight 

284-9 

Stearic  acid  (of  melting  point  67-8°  C),  per 

cent 

68-2 

Evidently  the  fatty  acids  consist  of  a  mixtm-e  of  stearic  acid  and 
oleic  acid  only.  The  extremely  high  proportion  of  stearic  acid  would 
seem  to  render  this  fat  a  very  useful  raw  material  for  the  candle 
industry,  although  the  considerable  amount  of  imsaponifiable  matter 
might  militate  against  its  use.  (Possibly  the  high  proportion  of 
unsaponifiable  matter  is  due  to  careless  preparation  of  the  fat.) 

Although  a  number  of  species  (eighteen)  of  the  genus  Palaquium 
(family  of  Safotacece),  all  of  which  yield  gutta-percha,  have  been 
described,  the  fats  obtainable  from  them  are  hardly  known.  The 
seeds  of  Palaquium  pisang,  Burck  (Sumatra),  are  stated  to  yield  45 
per  cent  of  a  bitter,  yellowish  fat,  known  in  commerce  imder  the  name 
"  Balam  taUow." 

From  the  seeds  of  Palaquium  oleosum,  Blanco  (Sumatra),  a  white 
sweetish  fat  ("  Suntei  tallow  ")  is  expressed.  Palaquium  ohlongifolium, 
Burck  (Borneo),  is  said  to  yield  a  hard  white  fat  ("  Njatuo  tallow  ") 
consisting  chiefly  of  "  stearine  "  (whatever  this  may  mean).  It  is 
used  in  West  Borneo  as  an  edible  fat.  De  Jongh  and  Tromp  de  Haas 
described  the  fat  from  Palaquium  ohlongifolium,  Burck  (which  yields 
the  best  kind  of  gutta-percha),  and  gave  the  following  figures  : — 


Lewkowitsoh,  Analyst,  1906,  2. 
2  Ghem.  Revue,  1904,  285. 
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Yield  of  fat  from  seeds     .         .         .  32-5  por  cent 

Melting  point  of  fat  ...  40°  C. 

Saponification  value         ...  201-5 

Iodine  value  ....  34-3 

The  specimen  examined  by  them  was  comparatively  fresh,  as  the 
percentage  of  free  fatty  acid  was  only  2-1.  It  is  stated  to  consist  of 
57-5  per  cent  of  stearin,  36  per  cent  of  olein,  and  6-5  per  cent  of  palmitin. 

The  oil  fi'om  a  species  of  Palaquium  examined  by  Bontoux  gave 
the  following  characteristics  : — 

OiZ— 

Solidifying  point,  °  C.       .         .  .30 
Melting  point,  °  C.  .         .         .         .  38-5 
Saponification  value         .         .         .  177-7-182-3 
Iodine  value  ....  48-2-57-2 

Fatly  Acids — 

Titer  test,  °  C  54.8 

Melting  point,  °  C.  .         .         .  .57 
Neutralisation  value         .         .         .  181-1-182-8 

Obviously  "  Sm:in  fat "  does  not  differ  much  from  the  fat  of  Pala- 
quium ohlongifolium. 


MKANYI  FAT 

French— /S^^i^/■  de  Mkany.  German—Mkanyifett. 
Italian — Sego  di  Mkany. 

For  tables  of  characteristics  see  p.  576. 

This  fat  forms  about  67  per  cent  of  the  seeds  of  Stearodendron 
Stuhlmannii,  Engl.  {Allanblackia  Stuhlmannii,  Engl),  an  East  African 
Guttifera  (called  Mkanyi  by  the  natives  of  Uluguru).  The  fruits,  22 
cm.  long  and  15  cm.  broad,  enclose  about  30  seeds,  resembling  chestnuts 
in  form. 

The  fat,  as  prepared  by  the  natives,  is  of  yellowish-white  colour  ; 
it  13  sold  at  Bogamoyo  in  lumps  having  the  shape  of  ostrich  eggs  and 
weighing  from  700  to  800  gi-ms.  The  acid  values  of  various  specimens 
of  the  native  product  were  23-33  {Heise)  ;  11-6-20-7  (Henriques). 
According  to  Heise,^  who  first  examined  this  fat,  Mkanyi  fat  consists 
chiefly  of  the  mixed  glyceride,  oleodistearin  (Chap.  I.).  No  palmitic 
acid  was  found  in  the  fat. 

'  Heise,  Arb.  a.  d.  kaiserl.  Oesundheitsamte,  1896,  540. 
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BAMBUTAN  TALLOW^ 

French — Suif  de  Ramhutan.    German — Ramhutantalg. 
Italian — Sego  di  Ramhutan. 

Rambutan  tallow  is  obtained  from  the  seeds  of  Nephelium  lappa- 
ceum,  L.,  indigenous  to  China  and  the  Sunda  islands.  The  seeds  con- 
tain 40-48  per  cent  of  fat. 


Physical  and  Chemical  Characteristics  of  Rambutan  Tallow 


Specific  Gra^^ty. 

Solidifying  Point. 

Melting  Point. 

SaponiUc.  Value. 

Iodine  Value. 

0-9236 

-c. 

38-39 

°0. 
42-46 

193-8 

39-4 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 

Solidifying  Point. 

Melting  Point. 

Neutralisation 
Value. 

Mean  Molecular 
Weight. 

Iodine  Value. 

•c. 

57 

°C. 
58-61 

186-4 

300-9 

41-0 

The  high  mean  molecular  weight  of  .the  insoluble  fatty  acids  in- 
dicates the  presence  of  fatty  acids  higher  than  stearic  acid  ;  indeed, 
arachidic  acid  was  isolated,  as  also  a  small  quantity  of  stearic  acid  ; 
palmitic  acid  is  stated  to  be  absent.  The  proportion  of  oleic  acid 
in  the  insoluble  fatty  acids  was  found  to  be  45-5  per  cent. 


MALABAR  TALLOW,  PINEY  TALLOW  ^ 

French — Suif  de  Piney  {Malabar).    German — Malahartalg,  Vateriafett, 
Pineylalg,  Pflanzentalg.    Italian — Sego  di  Piney. 

For  tables  of  characteristics  see  p.  578. 

This  fat  is  obtained  from  the  seeds  of  Valeria  indica,  L.,  a  large 
evergreen  tree  indigenous  to  the  Bast  Indies,  which  yields  the  "  piney 
resin  "  or  white  dammar  of  South  India,  or  Indian  copal  ("  vellai- 
Kungiliam  ").  The  tree  occui's  especially  in  the  Western  Peninsula 
fi"om  Kanara  to  Travancore,  and  is  found  at  an  altitude  of  4000  feet ; 
It  is  known  locally  as  "  Dupada  "  and  "  Pinne."  The  fat  is  extracted 
by  grinding  the  roasted  seed  and  boiling  the  meal  with  water,  when  the 
melted  fat  rises  to  the  top  and  is  skimmed  ofi. 


'  Baczewski,  Joimi.  <S'oc.  0/iem.  fwL,  1895,  1049  ;  Monalsh.  f.  Chem.,  1895,  866. 
^■■igmr'a  Jahresberichl,  1884,  1186. 
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Malabar  tallow  is  fx'ee  from  taste  and  odour.  In  the  fresh  state 
it  has  a  greenish-yellow  colour  which  on  exposure  to  the  air  is  rapidly 
bleached.  Its  consistence  approaches  that  of  mutton  tallow.  The 
commercial  fat  contains  about  2  per  cent  of  a  pleasantly  smelling 
volatile  oil,  which  can  be  extracted  with  alcohol.  Two  samples  of 
fat  examined  by  Grossley  and  Le  Sueur  ^  had  the  acid  values  5-18  and 
15-34  respectively. 

The  specimen  of  Malabar  tallow  examined  by  Hdhnel  and  Wolf- 
bauer  consisted  of  19  per  cent  of  free  fatty  acids  and  81  per  cent  of 
glycerides.    The  solid  fatty  acids  melted  at  63-8°  C. 

In  India  Malabar  tallow  is  used  as  an  edible  fat. 


CACAO  2  BUTTER 

French — Beurre  de  cacao.    German — Kakaobutter. 
Italian — Burro  di  cacao. 

For  table  of  characteristics  see  pp.  588,  589. 

Cacao  butter  is  expressed  from  the  cacao  beans,  the  seeds  of  the 
cacao  tree,  Theobroma  cacao,  L.^ 

This  tree  is  indigenous  to  the  West  Indies.  As  its  cultivation  is 
remunerative,  it  has  been  introduced  into  various  tropical  countries, 
especially  Central  and  South  America.  The  cultivation  of  the  tree 
on  the  West  Coast  of  Africa  has  also  been  attended  with  success,  and 
considerable  quantities  of  cacao  beans  from  Nigeria,  etc.,  are  shipped 
to  Europe.  The  cacao  pods  are  cut  open  by  hand,  and  the  beans,  of 
which  the  pods  contain  from  25  to  40,  are  brought  into  fermenting  sheds, 
where  they  undergo  rotting,  i.e.  a  kind  of  fermentation.  The  fermented 
beans  are  then  dried  either  by  exposure  to  the  sim  or  with  hot  air. 
In  the  course  of  this  fermentation  the  aromatic  substances  character- 
istic of  cacao  are  formed.  At  present  even  vacuum  plant  is  being 
introduced  into  the  West  African  cacao  plantations,  so  as  to  dry  ^  the 
beans  in  as  expeditious  a  manner  as  possible  before  shipping  them  to 
Europe.  The  experimental  cultivation  of  the  cacao  tree  in  Dahomey 
gave  very  good  results,  but  has  not  led  to  commercial  success  owing 
to  the  competition  of  the  neighbouring  colonies. 

The  following  tables  give  some  data  as  to  the  extent  of  the  pro- 
duction of  cacao  and  the  imports  into  the  most  important  countries  ^  : — 

]  Journ.  Soc.  Ohem.  Ind.,  1899,  991. 
I  Pi'efer  the  spelling  "cacao"  to  "cocoa,"  in  order  to  avoid  the  conlbiinding  of 
this^fat  with  cocoa  nut  oil  or  kokuni  butter. 

For  a  useful  summary  of  our  knowledge  regarding  the  botany,  chemistry,  and 
diseases  of  the  cacao  tree,  cp.  H.  Wright,  Thcolmma  Cacao  or  Ooco.  Colombo,  1907. 

A  description  of  a  drying  house  for  cacao  erected  in  'i'rinidad  is  given  in  the 
(imrl.  .fourn.  Inst.  Comm.  Research  in  the  Tropics  (Liverpool  University),  1907,  vol.  it. 
r.''*'.^'^^  '  '^P'        Lechmann,  Kakao  uiul  Schokolade,  Hannover,  1909. 
'  ^P-  ^-  Kohdich,  Inawj.  Dissert..  Jena,  1908.    It  may  be  added  that  about  one-lifth 
ot  the  world's  supply  of  cocoa  comes  at  present  from  San  Thonni  and  Principe. 
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The  world's  production  and  consumption  of  raw  cocoa  is  given 
below  : — - 


World's  Production. 



World's  Consumption. 

Metric  tons. 

Metric  tons. 

1905 

144,442 

143,566 

1906 

147,468 

156,785 

1907 

150,444 

156,557 

1908 

193,753 

165,141 

1909 

206,337 

194,838 

1910 

219,562 

201,166 

1911 

244,545 

229,988 

1912 

247,000 

245,000 

Import  of  Cacao  Beans  during  January  to  August 


Into 

1905. 

1906. 

1907. 

1908. 

1909. 

1910. 

■United  States  oi  America 
rierraany  .... 
France  .... 
I'nited  Kingdom 
I'.i'lsiuni  .... 
Holland  .... 
Spain  

Kilograms. 
43,174,135 
49,487,870 
36,891,950 
22,986,462 

1,982,782 
26,248,100 

8,484,200 

Kilograms. 

51,974,560, 
37,947,410 
25,121,648 

2,479,026 
31,707,300 

8,615,800 

Kilograms. 
56,024,400 
53,868,910 
41,815,600 
23,473,322 

2,085,997 
32,844,500 

9,200,000 

Pounds. 
97,419,700 

120,823,660 
66,833,413 
15,035,389 
55,613,845 
13,916,872 

Pounds. 

121,369,552 
89,782,810 

116,519  620 
77,032,263 
19,058,673 
68,753,360 
13,184,309 

Pounds. 
115,843,881 

96,874,011 
134,516,172 

70,650,300 

21,784,384 

12,163,359 

The  beans  are  chiefly  worked  up  for  the  preparation  of  cacao  ; 
hence  cacao  butter  is  to  some  extent  a  by-product  of  this  industry. 

The  cacao  beans  are  roasted  over  coke  fires  (similarly  as  coffee  is 
roasted),  after  being  cleaned  in  a  suitable  manner  (in  a  machine  or  by 
hand-picking). 

In  order  to  illustrate  the  changes  which  take  place  in  roasting  the 
cacao  bean,  the  following  table  due  to  Booth,  Gribb  and  Richards  ^  may 
be  given  here  : — 


Constituents. 

Grenada  Bean 
(with  Shell). 

Trinidad  Bean 
(without  Shell). 

Haw. 

Roast. 

Haw. 

Roast. 

Moisture 

6-32 

3-10 

6-67 

4-45 

Fat  ...... 

46-50 

40-96 

54-60 

55-70 

Nitrogen 

1-96 

1-86 

2-28 

2-32 

Fibre  ...... 

3-60 

3-90 

2-45 

2-48 

Total  ash  

2-86 

3-12 

2-87 

2-73 

iSiliccoiis  matter  .... 

0-10 

0-12 

0-03 

008 

Solul)Ic  ash  . 

1-26 

1-44 

0-94 

0-95 

Alkali,  as  K.,0    .      .      .  '. 

0-68 

0-75 

0-42 

0-43 

Cold-water  extract 

13-50 

12-90 

12-73 

12-00 

1  Analyst,  1909,  137. 
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The  composition  of  the  cacao  butter  is  not  affected  by  the  roasting. 
This  has  been  specially  shown  by  Heiduschka  and  Herb  ^  when  examin- 
ing cacao  fruits  which  had  been  preserved  in  brine.  The  roasted  beans 
are  cooled  as  rapidly  as  possible,  so  as  to  prevent  spontaneous  heating. 
Next  the  husks  are  separated  by  passing  the  beans  through  rollers,  when 
the  thin  shell  is  cracked  without  the  kernel  proper  being  broken  ;  the 
lighter  shell  is  then  removed  by  an  air  blast  ("  winnowing  ").  The 
shells  are  mostly  sold  under  the  name  of  "  shell  cacao  "  as  a  cattle 
food.  Since  the  shells  contain  from  3  to  6  per  cent  of  fat,  this  is 
recovered  in  some  works  and  sold  as  "  cacao  shell  butter."  The 
examination  of  some  commercial  cocoa-shell  butters  is  given  below. 

Welmans  ^  pointed  out  that  the  iodine  value  and  acid  value  of 
cacao-shell  butter  are  higher  than  those  of  the  corresponding  cacao 
butters. 

The  author  recently  examined  two  samples  of  cacao  butter  with 
the  following  results  : — 

Free  fatty  acids,  per  cent        .         .  2-0  4-2 

Saponification  value      .         .         .  191-9  188-4 

Iodine  value       ....  40-86  40-38 

Unsaponifiable  matter,  per  cent         .  1-75  3-08 

These  are  obviously  prepared  from  cacao  shell. 
A  sample  examined  by  the  author  of  cacao  butter  prepared  from 
shell  of  known  origin  had  the  following  characteristics 

Saponification  value  .  .  .  .188-1 
Iodine  value  .....  41-7 
Unsaponifiable  matter,  per  cent  .         .  2-6 

Butyro-refractometer  at  40°  C.  .         .  .48 
Titer  test  of  fatty  acids,  °  C.     .         .         .  48-4 

Procknow  ^  found  the  iodine  values  enumerated  in  the  third  column 
of  the  following  table  : — 


Origin. 

Fat  in  tlie  Koasted 

Iodine  Value  of 

Shells. 

Fat. 

Per  cent. 

Per  cent. 

Ariba  .... 

4-39 

44-1 

Bahia  .... 

4-44 

46-2 

Caracas 

4-33 

44-9 

Guajaquil 

3-33 

44-0 

Thome  .... 

5-64 

43-2 

Trinidad 

2-28 

45-15 

The  kernels  remaining  after  winnowing  are  ground  under  millstones 
and  reduced  to  a  paste.*  The  bulk  of  the  fat  is  then  removed  by  hot 
expression  in  hydraulic  presses.    Before  the  ground  material  is  put 

'  I'harm.  Centralh.,  1908,  375. 

Zeits.f.  Unlers.  d.  Nahrgs-  u.  Oenussm.,  1905  (9),  263. 
^  Inaug.  Dissert.,  Wurzburg,  1909.  .  ^ 

"  Cp.  F.  E.  F.  Neumann,  French  patent  330,616  ;  L.  Hildebrand,  German  patun- 
239,974  ;  P.  Franke  and  Co.,  and  Most,  English  patent  5232,  1913. 
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iuto  the  presses  alkali  carbonates  are  added  ;  ^  some  manufacturers  also 
add  the  carbonates  before  roasting.  As  the  alkali  will  combine  with 
any  free  fatty  acids,  the  manufactured  product  is  practically  devoid 
of  fi-ee  fatty  acids,  and  the  soaps  are  likely  to  pass  into  the  expressed 
fat.  Hence  in  the  examination  of  cacao  butter  the  presence  of  ammonia 
may  be  expected,  and  the  ash  should  be  determined.  A.  Behre  ^  gives 
the  following  analysis  of  the  ash  of  cacao  : — 


CaO  . 

.  10-12 

P2O5  . 

.  17-81 

MgO  . 

.  10-12 

SiOa  . 

.  3-67 

FeaOa  +  AlaOg 

.  4-07 

SO3  . 

.  17-63 

K,b  . 

.  36-23 

CO,  . 

.  5-64 

Nca„0  . 

.  0-60 

CI 

.  0-83 

106-72 

Cocoa  prepared  from  unripe  beans  has  an  exceedingly  bitter  taste. 
Kdssmodel  ^  patents  a  method  for  separating  the  unripe  beans.  Struhe  * 
has  shown  that  the  different  methods  of  treating  the  cacao  mass  have 
no  influence  on  the  properties  of  cacao  butter. 

It  is  likely  that  in  Germany  cacao  powders  containing  less  than  20 
per  cent  of  cacao  butter  will  have  to  be  declared  specially  as  such. 
In  order  to  press  the  cacao  bean  meal  so  that  the  cakes  contain  less 
than  20  per  cent  of  cacao  butter,  it  is  necessary  to  subject  the  mass, 
after  the  bulk  of  the  fat  has  been  expressed  at  a  low  pressure  (say  50 
atmospheres)  for  some  prolonged  time  to  a  pressure  of  at  least  200 
atmospheres  in  the  hot  press.  According  to  experiments  by  BoJime  ^ 
it  was  not  possible  to  obtain  a  mass  containing  less  than  20  per  cent 
of  fat,  if  the  pressure  was  maintained  for  a  period  of  40  minutes  only, 
the  lowest  percentage  having  been  20-61  per  cent  (calculated  to  dry 
substance,  21  per  cent).  In  order  to  obtain  a  mass  containing  less 
than  20  per  cent  of  fat  it  is  necessary  to  press  at  200  atmospheres  in 
the  hot  for  about  1-1|  hom's,  or  to  use  a  higher  pressm-e. 

The  percentage  of  fat  in  the  beans  has  nothing  to  do  with  the 
ultimate  content  of  fat  in  the  expressed  mass,  for  if  the  beans  were 
very  poor  in  fat,  so  much  less  butter  would  run  off  in  the  preliminary 
expression.  In  order  to  prepare  cacao  mass,  which  only  retains  15-16 
per  cent  of  fat  (calculated  to  dry  substance),  it  is  necessary  to  allow 
a  pressure  of  at  least  350  atmospheres  or  400  atmospheres  for  some 
prolonged  time.^ 

A  combined  hydraulic-  and  filter-press  for  the  separation  of  cacao 
butter  is  patented  hj  M.  A.  Smith.'' 

The  proportion  of  fat  in  the  beans  varies  from  50  to  56-5  per  cent. 
In  determining  the  fat  in  the  beans  great  care  must  be  exercised  in 
dismtegrating  them.    It  will  be  found  best  to  extract  preliminarily 

'  Usually  a  10  per  cent  solution  of  potassium  carbonate  is  employed.  As  a  rule, 
one  litre  of  this  solution  is  adilcd  to  100  kg.  of  cacao  mass.  Some  manufacturers  use  a 
litre  of  ammonia  for  the  same  quantity  of  cacao  mass. 

Zeils.f.  UiUer.i.  d.  Nahrqs-  u.  Genusam,.,  1908,  xvi.  421. 

•  German  patent  217,288. 

*  ZcUschr.f.  offeiUl.  Ohem.,  1908,  67.  "  Chem.  Zcil.,  1908,  98,  110. 

Cp.  P.  Welmans,  Plumn.  Zeit.,  1907  (52),  891  :  L.  Weil,  ilnd.  p.  91.3  ;  l'\  Miiller, 
^^d.,  1908  (.53),  67.  7  French  patent  388,077. 
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the  bulk  of  the  fat  from  the  finely-divided  mass,  then  to  dry,  grind 
up  with  sand,  and  exhaust  completely. 

According  to  Davies  and  M'Lellan}  the  roasted  cacao  beans  are 
best  extracted  with  petroleum  ether  of  boiling  point  40°  C.  to  50°  C. 
Common  ether  extracts  0-2-0-5  per  cent  more  than  petroleum  ether,^ 
theobromine  and  some  colom'ing  matter  being  dissolved  by  the  common 
ether.  The  followrag  percentages  of  fat  were  ascertained  in  roasted 
nibs  by  Davies  and  M'Lellan  : — 

Countrj'- 
Ecuador,  Arriba 

„        other  varieties 
Venezuela,  East  of  Caracas 
„        West  of  Caracas 
Dutch  Guiana,  Surinam 
Brazil,  Para  . 


•  „     Bahia  . 
Africa,  West  Coast  . 
West  Indies,  Trinidad 
„  Grenada 


Jamaica 
Coylon 


Dominica 
Santo  Domingo,  "  Samana 


Fat. 

Per  cent. 

54-66 

52-  87 
51-33 

53-  05 
56-37 

54-  98 
54-33 
54-18 

54-  57 

55-  30 

56-  03 

55-  38 

56-  57 
53-36 


These  results  may  be  supplemented  by  some  later  analyses  published 
by  Genin,^  who  used  petroleum  ether  for  extraction. 


Origin. 


Bahia 
Para  I. 
Para  11.  . 
Caracas  I.  . 
Caracas  II. 
Carupano  I. 
Cariipauo  II. 
Trinidad  I. 
Trinidad  II. 
Sanchez  1. 
Sanchez  II. 
Martinique  I.  . 
Martinique  II.  . 
Guadeloupe 
Santa  Lucia  1.  . 
Santa  Lucia  IF. 
Santa  Lucia  III. 
Grenada  I. 
Grenada  11. 
Accra  (Africa)  I. 
Accra  (Africa)  II. 
Congo 


Water. 

Fat. 

Fat  calculated  to  Dry 
Substance. 

Per  cent. 

Per  cent. 

Per  cent. 

2-00 

54-60 

55-71 

2-70 

55-50 

57-04 

1-80 

56-90 

57-94 

2-52 

52-80 

54-16 

2-10 

54-70 

55-87 

2-50 

53-60 

54-97 

2-15 

54-13 

55-32 

2-84 

53-70 

55-27 

2-94 

51-70 

53-26 

3-40 

53-27 

55-14 

2-12 

52-50 

53-63 

2-40 

54-70 

56-04 

2 '74 

53-20 

54-69 

2-24 

54-40 

55-64 

2-08 

56-10 

57-29 

2-53 

54-80 

56-22 

2-81 

53-40 

54-94 

3-10 

54-20 

55-93 

3-05 

64-00 

55-69 

2-.f)4 

54-90 

56-33 

1-96 

53-80 

54-87  ' 

2-51 

54-90 

56-31 

1  Journ.  Soc.  Ghem.  Ind.,  1904,  480. 

2  Nevertheless  the  German  official  method  directs  the  use  of  ether  ;  see  i  rocKuow, 


Arch.  Fharm.,  1910  (248),  81. 

•''  Rev.  (jenh:  chim.  pure  et  appUq.,  1907  (x 
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As  the  shells  eontain  a  notable  amount  of  theobromine — as  a  rule 
0-75  per  cent — the  recovery  of  the  latter  has  become  a  remunerative 
operation.  The  removal  of  the  fat  being  necessary  before  the  theo- 
bromine can  be  recovered,  the  husks  are  extracted  with  petroleum 
ether  and  other  solvents  from  which  the  dissolved  fat  is  recovered. 
This  extracted  cacao  butter  is,  of  course,  unfit  for  consumption  ;  never- 
theless attempts  are  being  made  to  sell  such  cacao  butter  to  chocolate 
manufacturers.  The  shells  freed  from  fat  and  theobromine  are  also 
offered  as  cattle  food,  and  on  account  of  their  high  nutritive  value  they 
find  an  outlet  on  the  Continent,  especially  where  extracted  palm  kernel 
cakes  are  not  objected  to  (cp.  p.  618).  The  proper  use  of  the  extracted 
cacao  shells,  however,  appears  to  be  as  fertiliser,  for  which  it  is  especi- 
ally suitable  on  account  of  its  comparative  high  proportion  of  nitrogen 
and  potassium. 

The  cacao  beans  destined  for  the  manufactiire  of  best  chocolate 
are  roasted  and  freed  from  shells,  as  described  above,  but  are  not 
expressed,  so  that  the  full  amoimt  of  fat  remains  in  the  ground  mass. 
For  the  detection  of  cacao  shell  in  the  ground  mass  by  means  of  its 
specific  gravity  the  original  papers  must  be  consulted.^  This  is  then 
mixed  with  sugar  and  arrowroot,  and  in  the  case  of  milk  chocolate 
with  cow's  milk.^  Some  chocolate  manufacturers,  however,  express 
part  of  the  cacao  butter  and  sell  it  as  such,  substituting  the  amount 
expressed  from  the  cacao  mass  by  "  chocolate  fats  "  (see  Vol.  III. 
Chap.  XV.). 

Cacao  butter  has  a  yellowish-white  colour,  turning  white  on  keep- 
ing. It  possesses  an  agreeable  taste  and  pleasant  odour  like  chocolate. 
At  the  ordinary  temperatm'e  it  is  somewhat  brittle. 

Amongst  the  solid  cacao  butter  fatty  acids,  stearic,  palmitic,  and 
arachidic  acids  have  been  detected,  but  the  occurrence  of  lamic  acid 
is  doubtful  (cp.  Trauh  ^).  Heiduschka  and  Herb  *  could  not  detect 
caprylic  acid.  Theobromic  acid,  C64H128O2,  stated  by  Kingzeit  ^  to 
be  present  in  the  fat,  is,  according  to  Graf,^  most  likely  arachidic  acid. 
Stearic  acid,  first  found  in  cacao  butter  by  Stenhouse,'^  occurs  to  an 
extent  of  39  (Lewkowitsch  to  40  per  cent  .{Hehner  and  Mitchell  ^). 
Farnsteiner  obtained  by  the  barium-salt-benzene  method  59-7  per 
cent  of  solid  acids,  31-2  per  cent  of  oleic  acid,  and  6-3  per  cent  of  other 
liquid  acids.  Linolic  acid  has  been  shown  to  occur  in  cacao  butter- 
by  BenediU  and  Hazura}^  The  statement  that  cacao  butter  contains 
formic,  acetic,  and  butyric  acids  (which  was  supported  by  a  high 
Reichert  value  recorded  in  the  older  literature)  has  been  shown  by  the 
author  to  be  erroneous. 

Cacao  butter  appears  to  contain  considerable  amounts  of  mixed 

'  Dubois  and  Lott,  Journ.  Ind.  and  Ewi.  Ghom.,  1911,  251  ;  Ullricli,  Arch.  d. 
Pkarm.,  1911,  .524. 

^  Achor,  French  patent  419,832.  "  Wagner's  Jahreshericht,  1883,  1159. 

■*  Chem.  Xenlralbl.,  1908,  ii.  90. 

"  Jour7i.  Chem.  tioc,  1878,  38.  "  Arch.  d.  Phnrm.,  1888,  830. 

'  Uclmi's  Annal.,  1840  (36),  56. 

Unpnlilished  observations.  "  Analyst,  1896,  328. 

"'  Monatsh.f.  Chem.,  1889,  353. 
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glycerides.  Fritzweiler  ^  isolated  from  cacao  butter  about  6  per  cent 
of  oleodistearin.  Klimont  stated  that  he  had  isolated  fi'om  cacao 
butter  oleopalmitostearin  and  oleodipalmitin,  but  this  appeared  open 
to  doubt,  as  his  "  oleopalmitostearin  "  had  the  low  melting  point  of 
31-33°  C.  (against  Hansen's  42°  C).  The  renewed  examination  of 
cacao  butter  by  Klimont  ^  himself  led  him  to  withdraw  his  statement 
with  regard  to  oleopalmitostearin,  and  he  now  states  that  cacao  butter 
contains  oleodistearin  (found  before  him  by  Fritzweiler),  as  also  oleo- 
dipalmitin (see  Vol.  I.  Chap.  I.).  On  allowing  large  quantities  of 
"  Samana  "  butter  to  cool  slowly  Strube  ^  obtained  a  liquid  portion, 
which  differs  from  ordinary  cacao  butter  in  that  it  does  not  solidify 
readily.  This  liquid  butter  has  the  following  characteristics  : — Specific 
gravity  at  17-5°  C,  0-906  ;  melting  point  about  12°  C.  ;  iodine  value, 
53-6-58-8  ;  butyro-refi-actometer  at  40°  C,  50-45  "  degrees." 

Strube  *  observed  also  a  separation  of  a  liquid  portion  from  "  Thome  " 
cacao  butter.  In  this  case,  however,  the  liquid  portion  differed  very 
little  from  normal  cacao  butter  in  its  characteristics,  only  the  acid 
value  was  found  somewhat  higher,  viz.  7-7. 

Rohrig  ^  found  for  the  liquid  portion  an  iodine  value  of  56-6  and 
the  butyro-refractometer  reading  of  51-8. 

Matthes  and  Rohdich  ^  examined  the  unsaponifiable  matter  of  cacao 
butter.  They  obtained  from  13  kilogrms.  of  fat  28  grms.  of  crude 
unsaponifiable  matter,  which  yielded  22  grms.  of  "  crude  phytosterol," 
and  6  grms.  of  an  ethereal,  oxygen-containing  oil,  smelling  of  hyacinths. 
The  refractive  index  of  this  oil  at  40°  C.  was  1-492,  the  iodine  value 
68-58,  and  the  optical  rotation  +  0-37°  in  10  per  cent  benzene  solution 
(the  length  of  the  tube  is  not  stated). 

The  crude  phytosterol  consisted  of  a  hydrocarbon  of  the  com- 
position C30H48  (most  likely  identical  with  amyrilene),  stigmasterol 
(identified  by  the  tetrabromo-derivative  of  its  acetate),  and  (phyto- 
sterol or)  sitosterol  (identified  by  the  melting  points  of  its  acetate, 
viz.  130°  C,  and  of  the  dibromo-derivative  of  its  acetate,  viz.  135°  C). 
In  a  later  commimication  '  Matthes  and  Rohdich  state  that  the  two 
alcohols  obtained  from  the  tetrabromo-  and  the  dibromo-  derivatives 
melted  respectively  at  162-163°  C.  and  at  139°  C. 

In  an  investigation  of  the  aromatic  principle  of  the  cacao  bean 
•  Bainbridge  and  Davies  ^  obtained  24  c.c.  of  an  ethereal  oil  fi-om  2000  kgs. 
of  cacao  nibs  by  distillation  in  a  current  of  steam.  In  this  they  de- 
tected D-linalool. 

L.  Reutter  ^  extracted  the  beans  previously  freed  from  volatile  oils 
by  steaming  at  110°  C.  with  hot  dilute  methyl-alcohol,  the  highly 
coloured  alcoholic  extract  deposits  microscopic  crystals  of  cacaorine 
to  which  he  ascribes  the  formula  CieHgiOgNg,  melting  point  184-185°  C. 

1  Arbeit,  a.  d.  kaiserl.  Gesundhe.iisamtc,  1902,  371. 

Monatsh.f.  Chem.,  1905,  562.  mno  «<? 

3  Zeilschr.  f.  vffmtl.  Chem.,  1905,  215.  Tbul.,  1908,  67. 

«  Berichtc,  1908,  19.  '  nid.,  1908,  1592. 

«  Proc.  Chem.  Soc,  1912,  253. 
»  Com2Jt.  rend.,  1913,  1842. 
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In  the  pharmaceutical  literature  the  statement  was  frequently 
made,  and  is  still  being  copied  into  text-books,  that  cacao  butter  does 
not  tiu-n  rancid.  Dieterich  contradicted  this  statement  some  years 
ago  ;  the  author  then  showed  by  an  extended  series  of  observations  ^ 
that  cacao  butter  does  turn  rancid  like  any  other  fat  under  conditions 
favom-ing  hydrolysis  and  subsequent  rancidity.  The  author  proved 
this  in  a  somewhat  exaggerated  manner  by  exposing  fresh  cacao  butters 
to  the  atmosphere  in  sunlight,  when  rancidity  set  in  within  a  few 
(three  to  four)  days.  But  it  is  a  matter  of  common  experience  that 
cacao  butter  exposed  to  light  and  air  at  the  ordinary  temperature 
wiU  become  rancid  in  the  course  of  a  month  or  two.  It  must  be  left 
undecided  whether  the  older  erroneous  statements,  based  on  some- 
what limited  experience,  are  due  to  the  fact  that  cacao  butter,  owing 
to  its  high  price,  is  kept  in  a  more  careful  manner  than  ordinary  fats, 
or  whether  the  keeping  properties  are  due  to  the  aromatic  substance 
in  cacao  butter,  which  retards  the  setting  in  of  hydrolysis  (much  as 
lard  is  preserved  by  "  benzoating,"  i.e.  by  suspending  powdered  benzoin 
in  the  melted  fat  and  allowing  it  to  remain  therein  for  some  time). 

The  statement  that  rancid  cacao  butter  is  obtained  from  mouldy 
beans  is  erroneous.  Most  shipments  of  cacao  beans  become  mouldy 
in  transit,  but  since  the  beans,  in  the  first  stage  of  manufactm-e,  are 
roasted  at  a  temperature  from  130°  to  140°  C,  the  mould  is  destroyed, 
so  that  cacao  butter  prepared  from  these  beans  need  not  of  necessity 
be  rancid. 

The  acid  value  of  commercial  samples  of  cacao  butter  was  found 
by  Dieterich  to  be  from  1  to  2-3.  Letvkowitsch  foimd  in  a  large  number 
of  genuine  fresh  cacao  butters  acid  values  varying  from  1-1  to  1-95. 
A  sample  that  had  been  kept  ten  years  in  a  sealed  bottle  had  the  acid 
value  4-6. 

On  account  of  its  high  price  cacao  butter  is  frequently  adulterated 
and  also  wholly  substituted  by  chocolate  fats  (see  Chap.  XV.).  The 
latter  consist  chiefly  of  the  "  stearine  "  of  cocoa  nut  and  palm  nut  oils. 
They  are  readily  differentiated  from  cacao  butter  by  their  Reichert- 
Meissl  values,  and  especially  by  their  low  iodine  values. 

'  Lcwkowitscli,  Journ.  Soc.  Chem.  lud.,  1899,  .f)f)7. 
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Less  decisive  are  the  indications  furnished  by  the  melting  point 
of  the  fat  itself ;  in  this  connection  it  should  be  noted  that  the  freshly 
melted  cacao  butter  shows  a  considerably  lower  melting  point  than 
the  normal  one,  and  only  regains  its  normal  (higher)  melting  poiut 
when  the  sample  has  been  kept  for  several  days  (in  a  desiccator). 
When  determining  the  melting  point  it  is  best  to  proceed  as  described 
in  Chapter  V.^ 

For  the  detection  of  "  chocolate  fats  "  ^  (sold  under  various  fancy 
names,  see  Chap.  XV.),  in  genuine  cacao  butter,  the  determination  of 
the  saponification  value  and  of  the  iodine  value  wUl  as  a  rule  8ujBB.ce. 
These  substitutes  considerably  raise  the  saponification  value,  whUst 
they  lower  the  iodine  value.  The  "  titer  "  test  of  the  fatty  acids  is 
also  considerably  depressed  by  them.  The  determination  of  stearic 
acid  may  be  carried  out  as  a  confirmatory  test.  It  is  then  hardly 
necessary  to  determine  the  Reichert-Meissl  value.  Therefore,  the 
proposal  made  by  Wauters  ^  to  ascertain  the  presence  of  cocoa  nut 
oil  in  cacao  butter  in  the  same  manner  as  is  done  in  butter  fat  (see 
"  Butter  Fat  ")  would  appear  to  be  an  unnecessary  process. 

The  presence  of  vegetable  oils,  such  as  almond  oil,  arachis  oil,  sesame 
oil,  hazel  nut  oil,  would  be  readily  recognised,  in  the  first  instance,  by 
an  increase  in  the  iodine  value,  and  by  the  lowering  of  the  solidifying 
and  melting  points  of  the  insoluble  fatty  acids. 

Bees'  wax  and  paraffin  wax  (stated  to  have  been  employed  as 
adulterants)  will  hardly  be  added  now,  as  they  are  too  easily  detected 
(by  a  low  saponification  value  and  a  considerable  amount  of  imsaponi- 
fiable  matter).  The  presence  of  bees'  wax  would  also  be  indicated 
by  a  high  acid  value  of  the  sample.  Cacao  butters  of  comparatively 
high  acid  values  owe  their  acidity  (in  the  absence  of  adulterants) 
either  to  rancidity  (ascertainable  by  the  taste),  or  to  admixtm-e  with 
fat  which  has  been  extracted  from  cacao  bean  shells.  Very  likely 
the  cacao  butters  in  which  Filsinger  found  as  much  as  28  per  cent  of 
free  fatty  acids  had  such  an  origin. 

The  most  difficult  problem  was,  until  recently,  to  detect  adultera- 
tion with  tallow.  Hager's  aniline  test,  recommended  for  that  pm-pose, 
has  been  found  useless  by  the  author;  its  description  is  therefore 
omitted  here.* 

Bjdrklund's  ether  test  may  be  recommended  as  a  prelimmary  test. 
It  is  carried  out  as  follows  ^ :— Place  about  3  grms.  of  the  sample  m 
a  test-tube,  add  twice  the  weight  of  ether,  at  the  temperatm-e  of  18° 
0  close  the  test-tube  with  a  cork,  and  efiect  solution,  if  possible,  by 
shaking.  The  fat  should  dissolve  to  a  clear  solution.  Then  immerse 
the  tube  in  water  at  0°  C,  and  note  the  number  of  minutes  which  the 
liquid  requires  to  become  milky,  or  to  deposit  white  flocks,  and  observe 
the  temperatm-e  at  which  the  solution  becomes  again  clear  when  re- 

1  Cp.  also  Welmans,  "  Ueber  Oleum  Cacao,"  Phann.  Zeit.,  1900,  99. 

2  Grimiiic,  Chem.  Revue,  1914,  47.  , 
Bulletin  da  I'Associalion  Edge  des  Cldmistes,  1901,  vol.  xv.  No.  3,  March. 

*  See  2ud  edition  of  this  work,  p.  529. 
«  Zeits.f  analyt.  Chem.,  3,  233. 
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moved  fi'om  the  water.  The  following  table  gives  Bjorklund's  observa- 
tions made  on  pure  cacao  butter  and  on  samples  mixed  with  tallow  :  


Turbidity  at  0°  C. 

Cleai'  Solution 

after  Minutes 

afC. 

Pure  cacao  butter  

10-15 

19-20 

Cacao  butter +  5  per  cent  of  beef  tallow  . 

8 

22 

Cacao  butter  +10  per  cent  of  beef  t.illow  . 

7 

The  author  1  found,  however,  that  cacao  butters  containing  as 
much  as  10  per  cent  of  tallow  will  dissolve  in  two  parts  of  ether  at 
18°  C,  although  requiring  a  little  longer  time  than  genuine  cacao  butter 
does.  The  chief  indication  to  be  relied  upon  is  not,  therefore,  the 
number  of  minutes  required  for  crystg,llisation — as  the  time  will  vary 
for  different  samples — but  the  characteristic  way  in  which  genuine 
cacao  butter  crystallises  as  compared  with  adulterated  samples.  In 
the  former  case  tufts  of  distinct  crystals  appear  at  the  bottom  and 
the  sides  of  the  containing  vessel,  whereas  five  or  more  per  cent  of 
tallow  are  recognised  by  flocks  separating  from  the  cooled  solution.^ 

The  modification  of  Bjorklund's  test  recommended  by  Filsinger, 
viz.  to  dissolve  two  grms.  of  the  sample  in  6  c.c.  of  a  mixture  of  4 
parts  of  ether  and  1  part  of  alcohol,  is  scarcely  an  improvement,  and 
cannot  therefore  be  recommended. 

A  reliable  method  to  detect  the  presence  of  tallow  is  afforded  by 
the  isolation  of  cholesterol  from  the  unsaponifiable  matter  by  means 
of  its  dibromide,  and  further  by  the  phytosteryl  acetate  test.  The 
microscopic  examination  for  the  presence  of  cholesterol  crystals  will 
not  furnish  decisive  information  (Lewkowitsch)  Nor  can  a  reliable 
deduction  be  drawn  from  the  melting  point  of  the  isolated  alcohol. 
Procknow^  found  the  melting  point  of  the  alcohols  isolated  from 
genuine  cacao  butter  138-7°  C.  and  138-6°  C.  respectively,  which  after 
recrystaUisation  gave  in  the  first  fractions  148-2  and  148-4  respectively. 

The  statement  by  Sachs  ^  that  Borneo  tallow  is  used  as  an  adulterant 
of  cacao  butter  requires  confirmation. 

Cacao  butter  is  a  by-product  in  the  manufacture  of  cocoa,  and  is 
therefore  obtainable  in  large  quantities.  It  is  used  in  the  manu- 
facture of  chocolates,^  in  confectionery,  in  pharmacy  (nitro-glycerine 
tablets),  and  in  the  preparation  of  perfumes. 

'  Lewkovvitscli,  Jonrn.  Soc.  Cheiii.  Intl.,  1899,  557. 

Cowie  and  Braiider,  Qhemisl  and  Dmgfjisl,  1909,  227. 
'  Lewkowitsch,  Journ.  Soc.  Cham.  Ind.,  1899,  557. 
^  Inavg.  Dissert.,  Wiirzburg,  1909. 

Chem.  Revue,  1907,  279. 

The  introduction  of  additional  cacao  butter  (wliicli  is  largely  practised  in  the 
inanufacture  of  "fondants  ")  over  and  above  tlie  natural  proportion  in  the  beans  purnuts 
tlie  incorporation  of  a  larger  amount  of  starch  than  can  be  added  to  tlie  genuine  cacao 
mass  in  the  manufacture  of  chocolate. 
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CHINESE  VEGETABLE  TALLOW 


French — Suif  vegetal  de  Chine.    German — Chinesischer  Talg  ; 
Stillingiatalg  ;  Vegetabilischer  Talg.       Italian — Sego  di  StUlingia. 

For  tables  of  characteristics  see  pp.  594-596. 

Vegetable  tallow  is  the  hard  fat  which  coats  the  seeds  of  the  Chinese 
tallow  tree,  StUlingia  sebifera,  Willd.  {StUlingia  sinensis,  Croton  sebi- 
ferum,  Sapium  sebiferum,  Roxb.,  Exccecaria  sebifera,  F.  Miill.,  Carum- 
bium  sebiferum).^  The  tree  grows  wild  in  China.^  Since  it  has  been 
cultivated  there  it  has  been  introduced  into  Indo-China  and  the  north 
of  India,  where  it  grows  luxuriantly,  as  also  in  the  United  Provinces  of 
the  Panjaub  (Punjaub).^  The  tree  has  also  been  introduced  into 
South  Carolina.  In  China  the  stillingia  tree  is  regularly  exploited  for 
both  its  leaves  and  seeds  ;  the  fat,  however,  represents  a  secondary 
product  only.  In  Tonkin  the  tree  is  only  cultivated  for  the  sake  of 
its  leaves,  a  decoction  of  which  fui'nishes  a  colouring  matter  used  for 
dyeing  silk. 

The  tree  commences  to  produce  at  the  age  of  four  to  five  years, 
and  when  it  has  reached  its  full  development  it  yields  about  25-30 
kilos,  of  seed  a  year.  100  kilos,  of  the  fi-uit  yield  about  30  kilos,  of 
mou-ieou  {i.e.  vegetable  tallow  +  stUUngia  oil),  or  15  kilos,  of  fi-rju 
{i.e.  vegetable  tallow),  and  15  kilos,  of  tse-tieou  or  ting-yu  {i.e.  stillmgia 

^The  fruit  contains  three  oval  seeds  surrounded  by  a  thick  taUow- 
like  mass.  The  seeds  themselves  contain  a  brownish-yellow  oil,  which 
has  been  described  already  (p.  89)  under  the  name  of  stillingia  oil. 
Tortelli  and  Ruggeri,  who  prepared  the  soUd  fat  and  the  oU  from  the 
seeds  separately,  obtained  22  per  cent  of  vegetable  taUow  and  19-2 
per  cent  of  stilUngia  oH.  According  to  Lemarie  (Director  of  Agri- 
culture, Annam),  the  seeds  of  Sapium  sebiferum,  known  locally  as 
"  cdy-sdi,"  yield  69  per  cent  of  shells  and  31  per  cent  of  kernels.  The 
shells  are  coated  with  29-5  per  cent  of  a  white,  solid  fat,  and  the  kernels 
contain  59-5  per  cent  of  oil.  Schindler  and  Waschata  *  found  364  per 
cent  of  vegetable  tallow  on  the  entke  seed. 

According  to  the  process  of  manufacture  employed,  three  products 
are  obtained.  One  process  has  for  its  object  the  separate  production 
of  vegetable  tallow  and  of  stUlingia  oil.  The  seeds  are  either  placed 
in  perforated  cylinders  and  steamed,  so  that  the  fat  melts  and  runs 
off  or  they  are  passed  between  fluted  roUers  which  scrape  off  the  outer 
fal^coating  without  breaking  the  seed  proper,  when  the  scraped-ott 
mass  is  pressed  in  the  hot  in  primitive  wedge-presses.    This  product 

1  Bull.  Im.p.  Inst.,  1903,  209  ;  "Les  Arbres  a  suif  de  rindo-Chine."  BM.  konom., 

1902,  Hanoi.  „   .  ,  , 

■•2  It  is  known  by  the  name  Mu-tsu-sliou. 

Cp.  D.  Hooper,  AcjricuU.  Ledyar,  1904,  No.  2. 
*  Zcilschr.  f.  das  landw.  Versuchssl.  m  Osteir.,  1904,  bii. 
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is  sold  under  the  Chinese  name  "  pi-ieou,"  or  "  pi-yu,"  and  is  known 
to  the  European  candle-makers  as  "  prima  "  vegetable  tallow.  The 
seeds  are  then  removed  and  crushed  separately  for  the  recovery  of 
the  stillingia  oil,  "tse-tieou"  or  "ting-yu"  (see  p.  89). 

In  the  second  process  the  seeds,  together  with  their  coating  of 
fat,  are  crushed,  and  a  mixture  of  vegetable  tallow  and  stillingia  oil 
is  thus  obtained.  The  product  from  the  latter  process  is  naturally 
much  softer  than  the  true  vegetable  tallow  ;  it  has  a  lower  melting 
point,  and  also  a  much  higher  iodine  value.  This  second  quality  is 
sold  under  the  name  "  mou-ieou"  known  to  the  European  candle- 
makers  as  "  secunda  "  vegetable  tallow,  and  represents  a  mixture  of 
"  pi-yu  "  and  "  ting-yu." 

Samples  of  vegetable  tallow  which  have  been  prepared  in  the 
laboratory  by  extracting  the  crushed  fruit  with  solvents,  contain 
therefore  stillingia  oil,  and  such  numbers  as  were  given  by  De  Negri 
and  Fabris  for  vegetable  tallow  extracted  by  them  from  the  seeds  by 
means  of  ether  and  carbon  bisulphide  do  not  hold  good  for  true  vege- 
table tallow.  Hence  numbers  referring  to  a  mixture  of  vegetable 
tallow  and  stillingia  oil  have  been  omitted  from  the  tables.  Nor  have 
numbers  observed  for  commercial  fats,  which  undoubtedly  represent 
a  mixture  of  the  two  kinds  of  products,  been  recorded  here. 

Crushed  vegetable  tallow,  if  free  from  stillingia  oil,  leaves  no  grease- 
spot  on  paper.  The  samples  examined  in  the  author's  laboratory 
had  acid  values  varying  from  7-07  to  7-51.  De  Negri  and  Fabris  found 
24  ;  De  Negri  and  Shurlati,^  2-2  ;  Klimont,  14-2  ;  Zay  and  Musciacco, 
22-5. 

According  to  MasJcelyne,  vegetable  tallow  consists  of  palmitin  and 
olein.  A  confirmation  of  this  statement  may  be  found  in  the  fact 
that  Hehner  and  Mitchell  ^  obtained  no  stearic  acid  crystals  from  a 
specimen  absorbing  22-87  per  cent  of  iodine.  This  is  fm-ther  con- 
firmed by  Klimont,^  who  found  in  a  commercial  sample  (of  the  iodine 
value  27-6)  palmitic  and  oleic  acids  only. 

On  repeatedly  crystallising  vegetable  tallow  fi'om  acetone  {Klimont),'^ 
oleodipalmitin  was  obtained.  In  Klimont's  opinion,  vegetable  tallow 
consists  chiefly  of  oleodipalmitin,  with  smaller  quantities  of  tripalmitin. 

Zay  and  Musciacco  state  that  the  mean  molecular  weight  of  the 
insoluble  fatty  acids  is  2314,  and  that  they  isolated  volatile  fatty 
acids  of  the  molecular  weight  132-8.  The  low  molecular  weight  of 
the  insoluble  fatty  acids  would  point  to  the  presence  of  lauric  acid. 
The  number  2314  stands  in  need  of  confii-mation.  On  a  large  scale  . 
the  fat  yields  8-9  per  cent  of  glycerine. 

1  Jo'urn.  Soc.  Ohem.  Ind.,  1897,  339. 
Analyst,  1896,  328.  "  Monatsh.  f.  0/iem.,  1903,  408. 
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The  production  of  vegetable  tallow  in  China  is  very  large,  and 
has  been  practised  there  for  many  centuries.  The  fat  is  used  exten- 
sively for  the  manufacture  of  candles.  Hankow  is  the  central  market 
whence  the  bulk  of  Chinese  tallow  is  shipped.  Before  the  material 
reaches  Hankow  it  undergoes  at  Tchang-te-fou  the  first  manipulation, 
consisting  in  the  mixing  of  the  mou-ieou  with  the  pi-yu.  Thus  the 
intermediate  quality  is  obtained,  known  as  "  secimda  vegetable  tallow," 
whilst  the  pure  pi-ieou  is  termed  "  prima  quality."  At  Hankow  it 
undergoes  the  final  pm-ification,  being  remelted  and  freed  from  fraud- 
ulently added  foreign  substances.  It  is  then  cast  into  blocks,  in  which 
form  the  fat  is  received  in  Europe.  The  first  considerable  quantities 
came  into  the  European  market  in  1894.  The  chief  countries  which 
import  vegetable  tallow  are  Italy,  the  United  Kingdom,  and  France. 
Small  quantities  only  are  bought  by  the  United  States.  Only  the  two 
quahties  mou-ieou  and  ting-yu  are  exported. 

In  1907  about  4000  tons  had  been  imported  by  this  country ;  the 
order  of  consuming  countries  is  now  arranged  in  order  of  quantities  : 
United  Kingdom,  4000  tons ;  Prance,  2500  tons ;  Italy,  1700  tons.i 
In  1909  and  1910  the  total  exports  from  Hankow  were  9029  and  9482 
tons  respectively,  and  in  1911  and  1912  the  total  exports  were  4776  tons 
and  10,735  tons  respectively. 


KOKUM  BUTTER,  GOA  BUTTER,  JIANGOSTEEN  OIL 

French — Beurre  de  Jcohum.  German — Kohumbutter. 
Italian — Sego  di  hoTcum. 

For  tables  of  characteristics  see  p.  599. 

This  fat  is  obtained  in  the  East  Indies  from  the  seeds  of  the 
Guttifera,  Garcinia  indica,  Choisy,  Garcinia  purpurea,  Eoxb.  [Mango- 
stana  indica,  L.,  Brindonia  indica,  Du  Pet.).  The  seeds  contain  20-25 
per  cent  of  fat. 

The  fat  is  prepared  in  India — especially  on  the  West  Coast,  between 
Daman  and  Goa — ^in  a  primitive  fashion,  by  drying  the  seeds  in  the 
sun  and  boiling  them  out  with  water.  The  fat  is  then  skimmed  ofE, 
filtered  in  a  crude  fashion,  and  cast  into  round  cakes  weighing  about 
100  grms.  each,  in  which  form  it  is  sold  in  the  Indian  bazaars. 

Kokum  butter  is  a  white  or  light  grey  fat,  haying  a  slight,  not  dis- 
agreeable odour,  and  a  mild  oily  taste. 

The  acid  constituents  of  kokum  butter  are  oleic  and  stearic  acids, 


'  Journ.  Soc.  Chem.  fnd.,  1909,  209. 
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with  small  quantities  of  (probably)  lauric  acid.  According  to  Heise  ^ 
(confirmed  by  D.  Hooper  this  fat  (like  Mkanyi  fat)  consists  chiefly  of 
oleodistearin.  The  specimen  examined  by  Heise  contained  10-5  per 
cent  of  free  fatty  acids,  and  that  tested  by  Grossley  and  Le  Sueur  ^  7-1 
per  cent,  calculated  as  oleic  acid. 

Kokum  butter  is  chiefly  used  as  an  edible  fat,  and  is  stated  to  be 
employed  for  the  adtdteration  of  "  Indian  butter."  It  is  also  used  in 
pharmacy  for  ointments,  etc.  The  kokum  butter  which  is  unfit  for 
edible  purposes  is  worked  up  for  soap. 


Other  species  of  Garcinia  (cp.  "  Gamboge  Butter,"  p.  551)  yield 
similar  fats,  which  have  not  been  examined  fully,  such  as— 

(1)  The  fat  from  Garcinia  pictoria,  Eoxb.  This  fat  is  chiefly 
obtained  in  the  western  district  of  Mysore,  where  it  is  used  as  an  edible 
fat  by  the  poorer  classes.  The  bulk  of  the  fat  which  has  become  rancid, 
being  imfit  for  consumption,  is  used  as  a  burning  oil. 

(2)  The  fat  from  Garcinia  tonhinensis,  Vesqu.  {Garcinia  Balansce, 
Pierre;  H.  Badlon),  the  Cay  gioc  or  Cay  doc  of  the  Annamites. 
Garcinia  Mangostana  L.*  occurs  widely  in  Cochin  China,  Annam,  Re- 
imion,  French  Guiana,  where  the  fi'uits  are  used  for  edible  purposes. 
The  seeds  are  from  2  to  3  cm.  long  and  1-5  cm.  wide.  The  weight  of  the 
seed  is  2  to  3  grms.,  and  it  consists  of  4-8  per  cent  shell  and  95-2  per  cent 
kernels.  The  kernels  contain  634  per  cent  of  oil ;  the  yield  from  the 
whole  seed  being  61-8.  By  extraction  with  ether  a  dark  brown  oil 
was  obtained,  which  had  the  following  characteristics  {Grimme  ^)  :— 

Oil— 

Specific  gravity  at  15°  C 
Solidifying  point,  °  C. 
Melting  point,  °  C.  . 
Saponification  value 
Iodine  value 
Acid  value  . 
Refractive  index  at  40°  C. 

Faily  Acids — 
Insoluble  acids  +  unsaponifiable,  per  cent 
Unsaponifiable,  per  cent  . 
Solidifying  point,  °  C.  . 
Melting  point,  °  C.  . 
Neutralisation  value 
Iodine  value  .         .         .  • 

Refractive  index  at  60°  C. 
Mean  molecular  weight 


3-2 

8-6 
176-3 
86-2 
19-9 

1-4682 


4-23 
30-3 
32-5 
161-8 
89-1 
1-4564 
341-4 


1  Arbeiten  a.  d.  kaiserl.  GesundhcUsamte,  1896,  13,  302. 

Journ.  and  Proceed,  of  the  Asiatic  Soc.  of  Bengal,  1907,  ni.  2ji 
3  Journ.  Soc.  Vliem.  hid.,  1898,  991. 
•>  Heckel,  Les  Maliires  grasses,  1909,  1623,  1923. 
5  Chem.  Revue,  1910,  264. 
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GLYCEKIDES — VEGETABLE  FATS 


ClIAP. 


It  is  stated  to  contain  4-6  per  cent  of  an  ethereal  oil,  and  nearly 
6  per  cent  of  resinous  substances  ^  (these  numbers  require  confirmation). 
Bontoux  states  that  two  different  resins  are  contained  in  these  fats, 
one  consisting  of  hydrocarbons,  and  resembling  caoutchouc,  and  the 
other  a  saponifiable  resin.  The  fat  is  used  as  a  burning  and  a  lubri- 
cating oil.  If  more  care  were  taken  in  the  preparation  of  this  oil  the 
amovmt  of  imsaponifiable  matter  might  perhaps  be  reduced,  and  it 
would  then  be  suitable  for  soap-making. 

(3)  Garcinia  echinocarpa,  locally  known  in  India  as  "  madol  oil."  ^ 
The  seeds  yield  a  thick  oil,  which  is  used  as  a  burning  oil,  and  also 
for  medicinal  purposes  (as  a  vermifuge). 


BORNEO  TALLOW  ^  TANGKAWANG  FAT 

French — Suif  vegetale  de  Borneo.  German — Borneotalg.  Tenhawangfett. 

Italian — Sego  di  Borneo. 

Borneo  tallow  is  obtained  from  the  kernels  of  a  large  variety  of 
plants  belonging  to  the  family  of  Dipterocarpus,  as  Shorea  stenoptera, 
Burck.,  Shorea  aptera,  Bm-ck.,  Hopea  aspera,  de  Vriese,  Pentacme 
siamensis,  Kui'z,  Shorea  compressa,  S.  falcifera,  S.  gysbertiana,  S. 
martiniana,  etc.,  indigenous  to  the  Sunda  Islands  and  Indo-China.* 
The  native  name  of  Borneo  tallow  is  Minjak  Tangkawang  (Tangkawang 
Fat).  The  "  minjak  tangkawang  "  represents  a  mixture  of  at  least 
six  fats,  obtained  from  six  varieties  of  trees,  known  to  the  natives  as 
Tangkawang  tcengJccel,  T.  ramhei,  T.  lagar  (these  trees  have  a  diameter 
of  more  than  3  ft.),  T.  goentjang  (growing  in  swampy  regions  and  reach- 
ing a  height  of  22  ft.,  whilst  the  diameter  of  the  trunk  rarely  exceeds 
6  inches),  T.  madjan,  T.  terindak.  The  last  two  trees  bear  smaller 
fruits,  which  yield  a  fat  containing  about  3  per  cent  of  unsaponifiable 
matter,  which  is  apparently  a  natural  resin,  inasmuch  as  it  imparts 
to  the  fat  a  viscous  character.  The  first  fom-  trees  grow  wild  on  the 
west  coast  of  Borneo,  excepting  on  the  strips  of  land  bordering  the 
Kapoea  river.  The  "  tangkawang  trees  "  are  also  cultivated  by  the 
natives  (chiefly  in  the  districts  of  Sanggan  and  Sekadan).  The  trees 
flower  in  September  and  October,  and  the  fruits  ripen  in  February  and 
March.5  _ 

The  fat  is  prepared  by  the  Annamites,  according  to  Lemane,  m 
the  following  manner  :— The  hard  fruits  are  left  for  some  time  in  a 
damp  place  until  the  shells  break  and  the  seeds  begin  to  germinate. 
They  are  then  dried  in  the  sun,  and  the  kernels  are  separated  fi'om 

1  Heim,  MojiUmr  officiel  du  Comm.,  1901,  August;  Bull,  iconom.  de  V  Indo-CMne. 
Noiivelle  sirie,  No.  51. 

2  Bull.  Imp.  InsL,  1901,  June. 

3  Geitel,  Journ.  Soc.  Chem.  Ind.,  1888,  391. 
Pierre,  Flore  forestiere  de  hi  Cochinchine,  1902. 

5  0.  Sachs,  Chem.  Revue,  1907,  278. 
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the  pericarp  and  placed  in  baskets  of  bamboo  canes,  which  are  sus- 
pended over  pots  of  boiling  water.  When  the  kernels  have  become 
soft  and  pasty,  they  are  placed  in  bags  and  pressed.  The  fat  thus 
obtained  is  moulded  in  the  internodes  of  bamboo  stems ;  hence  the 
commercial  samples  have  a  cylindrical  shape. 

In  Borneo  the  fat  is  obtained  either  by  a  "  wet  process  "  or  by 
a  "  dry  process."  ^  The  wet  process  consists  in  placing  the  fruits  in 
baskets,  which  are  then  completely  immersed  in  water,  care  being 
taken  that  the  fruits  cannot  float  to  the  surface,  this  being  done  to 
prevent  germination.  The  immersion  in  water  appears  to  be  a  process 
of  preservation,  the  natives  believing  that  in  consequence  of  this 
process  the  fruits  are  not  so  easily  attacked  by  the  "  boebuk  "  worm. 
After  thirty  to  forty  days  the  fruits  are  taken  out  of  the  water  and 
the  shells  are  removed.  The  kernels,  which  generally  spht  up  into 
four  parts,  are  spread  on  boards  and  exposed  to  the  sun  to  dry.  In 
order  to  prevent  absorption  of  moisture  the  fruits  are  either  covered 
during  the  night  or  taken  into  tents.  The  dry  kernels  are  termed 
"  paddi-tangkawang." 

The  "  paddi "  obtained  by  a  dry  process,  such  as  described,  p.  600 
(a  process  which  is  also  in  vogue  in  some  districts  of  Borneo,  e.g.  Landak), 
is  stated  by  the  natives  to  furnish  an  inferior  kind  of  product.  The 
following  are  the  essential  features  of  a  third  process  (practised  in 
Sanggan) : — Immediately  after  collecting  the  fruit  the  kernels  are 
cut  into  discs,  dried  by  exposure  to  the  sim,  and  pressed  as  described 
above.  This  process  yields  the  so-called  "  tangkawang  soentie." 
This  latter  quahty  is  considered  the  best,  and  is  used  exclusively  for 
edible  purposes  by  the  natives.  It  is  impossible  to  give  the  percentage 
yield  of  fat  from  the  fruits  ;  it  can  only  be  stated  that  those  from  Shorea 
stenoptera  yield  about  50  per  cent  of  fat. 

In  view  of  the  great  commercial  importance  Borneo  tallow  may 
acquire,  further  investigation  is  desirable.  In  commerce  varieties  of 
Borneo  tallow  are  known  under  the  names  "  Pontianak,"  "  Sarawak," 
and  "  Siak  "  tallow.  The  "  Pontianak  "  and  "  Sarawak  "  are  obtained 
from  the  first  four  kinds  of  tangkawang  mentioned  above,  and  are 
notable  for  their  hardness.  Of  the  two  kinds,  "  Pontianak  "  is  the 
more  valued.  The  "  Siak  "  tallow  is  much  softer  and  hence  the  less 
valued. 

It  should  be  pointed  out  that  considerable  confusion  obtains  in 
commerce  with  regard  to  the  correct  names  of  the  "  Pontianak," 
"  Sarawak,"  and  "  Siak  "  fruits,  which  are  imported  and  sold  as  "  Illipe 
nuts  "  from  Sarawak  and  Pontianak  ("  grosses  graines  de  Pontianak 
et  Sarawak  ")  and  from  Siak  ("  petites  graines  de  Siak  ").  The  former 
are  the  fi-uits  of  Shorea  stenoptera  and  tlie  latter  the  fruits  from  a 
Palaquium  species  {Dichopsis). 

The  characteristics  of  the  fat  from  "  Grosses  graines  de  Pontiac  " 
(undoubtedly  a  variety  of  Shorea,  probably  Shorea  stenoptera)  are 
given  by  Bonloux  as  follows  : — 


^  0.  Sachs,  Oliem.  Revue,  1907,  278. 
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Solidifying  point,  °  C. 
Melting  point,  °  C.  . 
Saponification  value  . 
Iodine  value 
Unsaponifiable  matter 
Titer  test  of  fatty  acids,  °  C. 
Melting  point  . 


28-8-31-2 


29 
36-5 
193-7 


0-8 

62 
54 


These  seeds  known  as  "  Variete  rouge  "  contain  48-50  per  cent  of 
fat.  For  the  "  Variete  noire,"  which  contains  68-69  per  cent  of  fat, 
Bonloux  found  the  saponification  value  201-7  and  the  iodine  value 
34-1-37-4. 

In  the  following  table  I  give  some  characteristics  of  the  fat  fi-om 
Shorea  aptera,  Teglam  fat,  and  of  samples  of  unknown  origin  : — 


Table 
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Eukabang  fat  obtained  from  tlie  fruit  of  SJiorea  gysberliana,  a  large 
tree  growing  fi-eely  in  Sarawak,  is  prepared  by  the  natives  by  tlie  dry 
process,  cp.  p.  600.  Tlie  fruit  contains  31-2  per  cent  of  fat  and  the  air- 
dried  kernel  46-7  per  cent.  Brooks  ^  examined  a  fat  of  native  manu- 
facture and  also  one  extracted  with  carbon  bisulphide.  The  figures 
are  given  in  the  following  table.    The  fat  is  used  as  a  food  by  the  Dyaks. 


Native  Fat. 

Extracted  with 
Carbon 
Bisulphide. 

Oil— 

Specific  gravity  at  100°  C.  (water  at  15-5=1) 
Melting  point,  °  C  

ButjTO-refraotometer  at  40°  C,  "  degrees  " 

0-854 
34-43 
190-2 
30 
45 

0-856 
33-37 
190-8 
30 
46- 1 

Fatty  Acids — 

Insoluble  acids  +  unsaponifiable,  per  cent  . 

Unsaponifiable  matter  

Solidifying  point  

Melting  point  

Iodine  value  

Mean  molecular  weight  

96-1 
0-3 

53 
55-5 
31 
282 

Borneo  tallow  has  a  light  green  colour,  changing  to  yellow,  and 
after  prolonged  exposm-e  to  the  air,  to  white.  At  the  ordinary  tem- 
perature it  resembles  cacao  butter  in  consistence,  as  also  in  taste.  It 
has  a  crystalline,  granular  structiire,  and  is  covered  with  fine  white 
needles  of  stearic  acid,  the  quantity  of  which  amounted,  in  the  case 
of  the  specimen  examined  by  Geitel,  to  9-5-10  per  cent.  This  specimen 
commenced  to  melt  at  35-36°  C,  and  Hquefied  completely  at  42°  C. 
The  solidifying  point  of  the  insoluble  fatty  acids  was  53-5-54°  C. ;  they 
consisted  of  66  per  cent  of  stearic  and  34  per  cent  of  oleic  acids.  The 
somewhat  low  solidifying  point  of  the  mixed  fatty  acids  would  seem 
to  indicate  the  presence  of  palmitic  acid.  The  probable  iodine  value 
of  the  fat,  calculated  from  the  last  given  figure,  is  about  31.  Borneo 
tallow  is  therefore  placed  next  to  kokum  butter. 

By  crystallising  Borneo  tallow  from  acetone  KUmont^  obtamed 
the  mixed  glycerides  oleodistearin  and  oleodipalmitin. 

Borneo  tallow  is  employed  by  the  natives  for  edible  pm'poses ;  m 
Manila  it  is  used  for  the  manufactm-e  of  candles.  It  is  exported  to 
Europe,  and  should  prove  a  valuable  material  for  soap-  and^  candle- 
making.  The  statements  that  it  is  also  used  for  "  stiffenmg  "  edible 
cocoa  nut  oil  {Fritzweiler),  and  for  adulterating  cacao  butter  {Sachs), 
require  confirmation. 

-■  The  seeds  from  a  plant  growing  wild  in  Sumatra,  and  identibeci  as 
SkavMum  lanceatum,  Mig.  {Xanthophyllum  lanceatum,  Smith),  native 
name  "  Sioer,"  yield  on  extraction  with  ether  39  per  cent  of  a  greenisn- 

1  Analyst,  1909,  206. 
2  Monatsh./.  Chem.,  1904,  929. 
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yellow  fat,  similar  in  its  properties  to  tankawang  fat.  The  seeds 
contain  a  poisonous  saponin ;  hence  they  cannot  be  used  for  feeding 
stock.  The  extracted  fat  had  the  following  characteristics,  according 
to  Gorter : — 

Fat— 

Saponification  value         .         .         .  198'5 

Iodine  value          ....  36'6 

Acid  value  .          ....  12-2 

Falty  Acids — •  ' 

Solidifying  point  ....  51'5 

Melting  point  ....  54-0 

Mean  mol.  weight  ....  268 


Cocoa  Nut  Oil  Gpoup 

The  fats  belonging  to  the  cocoa  nut  oil  group  differ  from  most  other 
vegetable  fats  by  their  high  saponification  values.  These  are  due  not 
only  to  a  large  amount  of  lauric  acid,  but  also  to  a  certain  proportion 
of  volatile  acids,  amongst  which  the  "  water-insoluble  "  acids  pre- 
dominate. Hence  these  fats  are  characterised  by  high  Reichert-Meissl 
values. 

The  considerable  proportion  of  volatile  acids  which  the  fats  belong- 
ing to  this  group  contain  brings  them  into  relationship  with  the  milk 
fats  of  the  mammals,  but  they  differ  from  the  latter  essentially,  not 
only  with  respect  to  their  vegetable  origin  (and  consequently  by  the 
presence  of  phytosterol  as  against  cholesterol  in  the  milk  fats),  but 
also  in  that  they  do  not  contain  butyric  acid.  It  is  due  to  the  pro- 
portion of  volatile  acids  in  the  members  of  this  group  that  they  can 
be  differentiated  from  other  vegetable  fats,  which  contain  considerable 
amounts  of  lauric  acid,  and  which,  therefore,  are  also  characterised 
by  high  saponification  values.  (These  latter  fats  are  comprised  in  a 
separate  group,  the  most  prominent  member  of  which  is  dika  fat.  See 
"  Dika  Fat  Group.") 

Owing  to  their  peculiar  chemical  composition  (simulating  to  some 
extent  that  of  butter  fat)  these  oils  are  not  readily  saponified  by  weak 
caustic  lyes.  They  require  for  saponification  alkaline  lyes  of  high 
strength,  and  are  thereby  so  easily  converted  into  soap  that  it  is  only 
necessary  to  stir  the  fats  and  caustic  alkali  together  at  30-35°  C,  and 
allow  the  mixture  to  stand.  After  some  time  saponification  will  take 
place  with  liberation  of  heat.  {Soaji-mahing  by  the  cold  process.)  The 
soaps  thus  formed  are  very  hard,  and  combine  with  a  large  amount 
of  water  without  becoming  soft.  These  soaps  have  further  the  re- 
markable property  of  requiring  large  quantities  of  salt  to  throw  them 
out  of  their  aqueous  solution,  hence  they  are  used  as  "  marine  soaps." 

The  following  fats — arranged  in  the  order  of  their  iodine  values 
— are  included  in  this  group  : — 
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[a)  Muriti  fat. 

[b)  Mocaya  oil. 

[c)  Cohune  oil. 

[d)  Areca  nut  fat. 

[e)  Maripa  fat. 

[/)  Aouara  kernel  oil. 

[g)  Palm  kernel  oil. 

[h)  Cocoa  nut  oil. 

[i)  Fat  from  Gocos  acrocomoides. 
Ij)  Tonka  butter. 


(a)  MURITI  FAT  ^ 

French — Huile  de  Muriti.  Gevman—Muritifett. 
Italian — Burro  di  Muriti. 

Mm-iti  fat  is  obtained  from  Mauritia  vinifera,  Mart.  {Acrocomia 
vinifera,  Oerst.),  a  South  American  palm.  The  seed  kernels  are  slightly 
roasted  by  the  natives,  ground  to  a  paste,  then  slightly  warmed  by 
exposing  to  steam  escaping  from  boiling  water,  and  expressed  in  sacks 
between  warmed  iron  plates.  The  fat  has  a  pleasant  taste,  and  is 
similar  to  cocoa  nut  oil. 


Physical  and  Chemical  Characteristics  of  Muriti  Fat 


Specific 
Gravity  at 
25"  C. 

Melting 
Point. 
°  C. 

Solidifying 
Point. 
"  C. 

Saponification 
Value. 

Iodine 
Value. 

Reichert- 
Meissl  Value. 

0-9136 

25 

17 

246-2 

25-2 

5 

The  specimen  examined  by  Fendler  ^  was  prepared  from  a  Nicara- 
guan  fruit  which  yielded  48-7  per  cent  of  fat,  having  an  acid  value 
of  1-69  The  melting  point  of  the  fatty  acids,  obtained  fi-om  three 
specimens,  was  54-5°  C.  ;  it  is  therefore  Ukely  that  the  fat  contains 

"^^Thrstatement  that  this  fat  is  also  prepared  in  Trinidad,  Jamaica, 
and  Brazil,  and  has  an  odour  of  violets  and  a  sweetish  taste,  requires 
confirmation,  and  seems  to  be  due  to  confusion  with  ordinary  palm 
oil  This  opinion  of  the  author  is  confirmed  by  the  further  state- 
ment that  this  fat  is  sold  in  the  locaUties  named  as  palm  oil  (cp. 
"  Aouara  Oil,"  p.  614). 


1  Zeits.f.  Unters.  d.  Nahrgs-  u.  Oanussm-i  1903,  1025. 
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(b)  MOOAYA  oil/  MOCAYA  BUTTER,  MACAJA  BUTTER 

Fvench—Huile  de  mocmja.    GeTman—Mocmjaol,  Macaja  butter. 
Italian — Burro  di  mocaya. 

Mocaya  oil  is  obtained  from  the  kernels  of  Acrocomia  sclerocarpa  ; 
Mart.  {Cocos  sclerocarpa,  Gocos  aculeata,  Jacq.,  Bactris  minor,  Gart.),  a 
palm  tree  occmring  in  Paraguay  and  forming  there  vast  forests.  The 
kernels  contain  60-70  per  cent  of  a  fat,  which  greatly  resembles  cocoa 
nut  oil  in  its  colour,  odour,  and  consistence. 

The  oil  is  known  in  Trinidad  under  the  name  of  "  Gru-oru  "  oil.^ 

Sack  3  describes  this  fat  under  the  local  name  "  kaumakka,"  and  as 
originating  fi-om  the  Sminam  maccasuba  palm  {Acrocomia  sclerocarpa, 
Mart.).  According  to  Sack  the  kernels  yield  only  24-8  per  cent  of 
fat,  melting  at  32-5°  C.  The  fatty  acids  are  stated  to  consist  of  17-5 
per  cent  of  oleic  and  82-5  per  cent  of  lam'ic  acids.  Evidently  Sack 
has  overlooked  the  occurrence  of  volatile  fatty  acids. 

The  fat  from  Acrocomia  totai  Mart,  appears  to  be  very  closely  allied 
to  Mocaya  oil.  The  kernels  yield  58-9  per  cent  of  a  light  yellow  oil 
having  a  pleasant  taste.  The  following  characteristics  were  given 
by  Gri'imne  : — 


Solidifying 
point. 
°  C. 

Saponification 
Value. 

Iodine 
Value. 

Refractive  Index. 

Unsaponiflable 
Matter. 
Per  cent. 

Observer. 

°C. 

"D. 

8 

188-3 

26-9 

25 

14580 

13  4 

Grimme 

Solidifying 
Point. 
°  C. 

Neutralisation 
Value. 

Mean  Molecular 
Weight. 

Iodine 
Value. 

Refractive  Index. 

Observer. 

°  0. 

"D. 

28-30 

191-4 

293-4 

29-3 

30 

1-4460 

Grimme 

These  figures  stand  in  need  of  confirmation.  As  the  saponification 
value  of  the  fat,  and  the  mean  molecular  weight  of  the  fatty  acids 
are  much  too  low  for  the  fats  belonging  to  this  group,  doubt  is  thrown 
upon  these  figures  by  the  low  proportion  of  insoluble  fatty  acids,  viz. 
02-85  per  cent  found  by  Orimme^ 

'  D(!  Negri  ami  Fabris,  Oiorn.  /(irmac,  1896,  No.  12  ;  Chcm.  Revue,  1897,  82. 
^  Knapp,  Jimrn.  Soc.  C/iem.  IniL,  1914,  9. 

"Tusiiectie  van  dun  Lan(ll)ouw  in  West  Indie,"  Bulletin,  No.  fi  1906 

Chem.  Revue,  1910,  166. 
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(c)  COHUNE  OIL 

French — Huile  de  cohune.    German — Cohunenussol. 
Italian — Olio  di  cohune. 

For  table  of  characteristics  see  p.  610. 

This  oil  is  obtained  from  the  kernels  of  the  cohune  palm,  Attalea 
cohune,  Mart.,  which  grows  abundantly  in  British  Honduras,  Guate- 
mala, and  Mexico.^  The  nuts  are  known  in  Guatemala  as  "  Manacca 
Nut." 

The  kernels  have  the  appearance  of  small  cocoa  nuts ;  their  size  is 
not  greater  than  that  of  large  nutmegs.  They  contain  40  per  cent 
of  a  sohd  yellow  fat,  resembhng  in  general  appearance  palm  nut  and 
cocoa  nut  oils. 

The  mixed  fatty  acids  melt  between  27°  and  30°  C.  Five  samples 
examined  at  the  Imperial  Institute  yielded  654-71-6  per  cent  of  a 
soUd  white  fat.  The  outer  fibrous  layers  of  the  fruit  contained  9-3- 
20-6  per  cent  of  a  greenish-yellow  fat,  of  which  the  following  character- 
istics were  determined  ^  : — 


Specific  gravity  at  100/15-5°  C.      .         .         .  0-848 

Saponification  value  .....  197-4 

Iodine  value  .         .         .         .         .  .75-1 

Reichert-Meissl  value          .         .         .         .  1-65 

Acid  value     ......  162-0 

Unsaponifiable  matter,  per  cent    .         .         .  0-95 

Insoluble  acids  +  unsaponifiable     .         .         .  97-0 

Solidifying  point,  °  C   31-0 


Owing  to  the  extreme  hardness  of  the  husks,  the  commercial  ex- 
ploitation of  the  cohune  nuts,  which  are  readily  obtainable  in  large 
quantities,  has  hitherto  not  been  taken  in  hand. 

It  is  doubtful  whether  the  fat  from  the  kernels  of  the  Surinam 
Bactris  plumeriana,  Mart,  (German — Affendornfett),  known  under  the 
native  name  "  keekeesiamakka,"  and  described  by  Sack,^  is  identical 
with  cohune  oil.  The  kernels  are  stated  by  Sack  to  contain  34-8  per 
cent  of  a  fat  melting  at  32°  C,  the  fatty  acids  of  which  are  said  to  con- 
sist of  13-6  per  cent  of  oleic  and  84-6  per  cent  of  lauric  acids.  It  will 
be  observed  that  in  this  case  also  no  mention  of  volatile  fatty  acids 
is  made  by  Sack. 

'  Bull.  Imp.  Inst.,  1903  (xxv.). 
2  Bull.  Imp.  Inst.,  1913,  226. 

^  "  Inspectie  van  deu  Landbouw  in  West  Indie,"  Bulletin,  1906  (5). 
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(d)  AEECA  NUT  FAT 

This  fat  was  obtained  from  the  nuts  of  Areca  catechu,  L.,  by  ex- 
traction. The  colour  as  also  the  composition  of  the  fat  varies  with 
the  solvent  used,  as  is  evidenced  by  the  data  given  in  the  following 
table  : —  ^ 


Fat— 
Colour 
Odour 

Specific  gravity 
Melting  point  . 
Saponification  value 
Iodine  value 
Reichert-Meissl  value 
True  acetyl  value  . 
Unsaponifiable  matter 
Acid  value 


Fatty  Acids — 

Patty  acids  +  unsaponifiable 
Melting  point  . 
Mean  molecular  weight  . 
Iodine  value 


Fat  extracted  with 
Ether. 


Reddish-brown 
Like  nutmeg 

0-884 
36°-37°  C. 
227-4 

24-  3 

0-  2 
11-2 

1-  12  per  cent 

91-  1 

92-  76  per  cent 
39°  C. 

244-6 

25-  95 


Pat  extracted  with 
Petroleum  Ether. 


Yellowish- white 
Nearly  odourless 

0-  973 
37°-38°  C. 

234-6 
12-3 
4-2 
9-81 

1-  01  per  cent 
97-2 


91-45  per  cent 
39''-40°  C. 
238-5 
13-6 


According  to  Rathje,^  the  fatty  acids  obtained  from  the  two  fats 
have  the  following  compositions  : — 


Fat  extracted  with 
Ether. 

Fat  extracted  with 
Petroleum  Etlier. 

Stearic  acid  . 
Palmitic  acid 
Myristic  acid 

Capric  acid  . 
C'aprylic  acid 
Caproic  acid 
Oleic  acid 

Per  cent. 

2-  25 

3-  1 
21-0 
43-7 

1-0 

29-0  (?) 

Per  cent. 

3-3 

2-5 
24-7 
53-3 

1-0 

Small  quantity 
Small  quantity 
14-5 

In  the  author's  opinion  the  fat  extracted  with  petroleum  ether 
would  correspond  best  in  its  composition  with  the  other  fats  belongin-^ 
to  the  "  Cocoa  Nut  Oil  Group." 


Arph.  d.  P/uirm.,  1908,  702. 
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(e)  MARIPA  FAT^ 

French — Huile  de  maripa.  German — Maripafell. 
Italian — Sego  di  maripa. 

For  tables  of  characteristics  see  p.  613. 

Maripa  fat  is  obtained  from  the  kernels  of  Palma  (Attalea)  maripa, 
Aubl.,  a  plant  belonging  to  the  palm  family.  This  palm  is  indigenous 
to  the  West  Indies.  In  Brazil  the  nuts  known  as  Urukuri  nuts  are 
used  in  the  curing  of  rubber.  Probably  the  commercial  fat  is  also 
obtained  from  one  or  two  other  species  of  Attalea,  viz.  A.  excelsa, 
Mart.  {Maximiliana  maripa,  Drude)  and  A.  spectabilis.  The  fat  is 
prepared  by  expression  or,  in  a  cruder  fashion,  by  boiling  the  fruit 
with  water,  when  the  fat  rises  to  the  top  and  is  skimmed  off.  The 
expressed  fat  is  coloui-less  or  faintly  yellow ;  it  has  a  mild  taste  and 
a  faint,  not  unpleasant  odour. 

Maripa  fat  is  used  as  an  edible  fat  in  the  "West  Indies  and  French 
Guiana  ;  it  is  also  used  in  pharmacy. 

The  fatty  acids  fi'om  the  fat  of  Attalea  excelsa  are  stated  by  Frank 
and  Gnadinger  to  consist  chiefly  of  caproic,  capryUc,  and  capric  acids. 
They  also  state  that  they  found  small  amounts  of  butyric  acid.^  The 
fat  fi-om  Attalea  spectabilis  examined  by  Grimme  ^  had  the  acid  value 
8-1,  and  contained  1-08  per  cent  of  imsaponifiable  matter.  Although 
the  Eeichert-Meissl  value  was  not  determined  it  would  probably  he 
somewhere  in  the  neighbom-hood  of  7-8. 

J  Vau  der  Driessen  Mareeuw,  Nederl.  Tijdschr.  Pharm.  Chem.  en  Toxicologie,  1900 
(12),  245;  PlMTin.  WeelMad,  1905  (46),  948. 

2  Gummi-Zeit.,  1910,  1328.  '  Ghem.  Revue,  1910,  233. 
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(/)  AOUARA  KERNEL  OIL 

French — Huile  d'amande  d'aouara.    German — Aouaralcernbl. 
Italian — Olio  di  nod  di  aouara. 

This  oil  is  obtained  from  the  kernels  of  the  aouara  palm  fruit  (p. 
532).  The  kernels  yield  46  per  cent  of  a  whitish  soHd  fat  of  pleasant 
odour.  The  natives  prepare  the  fat  by  pounding  the  kernels  and 
boiling  the  mass  with  water ;  the  skimmed-ofi  fat  is  known  locally 
under  the  name  "  quioquio  "  or  "  thiothio."  The  fat  prepared  by 
E.  Bonioux  ^  from  the  kernels  had  the  acid  value  9- 6.  The  followiag 
characteristics  were  ascertained  by  him  : — 

Fair— 

Solidifying  point     ....      26-2°  C. 
Melting  point         ....     29-30°  C. 

Saponification  value         .         .         .  242-5-243-3 
Iodine  value          ....  10-4-11-2 

Fatty  Acids — 

Insoluble  fatty  acids  +  unsaponifiable  .  91-7  per  cent 

Neutralisation  value  of  fatty  acids  .  2484-24:9-8 

Mean  molecular  weight     „        .  .  225 

In  Guiana  "  quioquio "  fat  is  used  for  medicinal  and  edible 
purposes. 


{g)  PALM  KERNEL  OIL,  PALM  NUT  OIL 

French — Huile  de  palmiste.    German — Palmkernbl,  Kerndl. 
ItaUan — Sego  di  noce  di  palma. 

For  tables  of  characteristics  see  p.  622. 

Palm  kernel  oil  is  obtained  from  the  kernels  of  the  palm  tree  fruit 
(p.  533).  The  palm  fruit  contains,  as  a  rule,  only  one  kernel ;  seed 
from  West  African  palms  planted  in  Amani,  German  East  Afiica, 
furnished,  however,  many  fruits  containing  two  kernels.^  The  pro- 
portion of  oil  in  the  kernels  was  also  very  small,  33-37  per  cent,  when 
compared  with  the  yield  of  oil  from  West  African  kernels.  The  kernels 
are  collected  by  the  natives  after  the  palm  oil  has  been  recovered  fi-om 
the  fleshy  part  of  the  fruit ;  the  shells  are  removed  by  craclring  each 
nut  separately  with  a  stone  or  hammer.  This  work  is  chiefly  done  by 
women  and  children.  Owing  to  the  laboriousness  of  this  process,  and 
also  owing  to  the  facts  that  no  more  than  about  fifteen  pounds  of 
kernels  are  obtained  by  one  worker  in  a  day,  and  that  the  kernels  have 
to  be  carried  to  the  market,  enormous  quantities  of  palm  nuts  are 


1  Lewkowitscli,  Technologie  et  analyse  cliimiques  des  Mdles,  graisses  et  cires,  v 


•ol.  ii- 


1104. 

-  Cp.  Lommel,  Der  Tropenpjlanzer. 
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wasted.!  The  kernels  are  collected  at  the  coast  stations  and  shipped 
to  Europe.  The  chief  receiving  ports  are  Hamburg,  Liverpool,  and 
Marseilles. 

The  first  palm  kernels  that  came  to  Europe  were  brought  to  Mar- 
seilles as  ships'  ballast  from  the  French  West  African  colonies  early 
in  the  'fifties  of  the  last  century,  and  were  thrown  into  the  sea  as  soon 
as  the  ship  was  again  to  be  loaded.  An  enterprising  oil  miller  in 
Marseilles  recognised  the  value  of  the  kernels,  and  commenced  the 
manufacture  of  palm  kernel  oil. 

Kecently  several  machines  have  been  constructed  for  the  breaking 
of  the  kernels  on  the  spot,  but  in  view  of  the  exceedingly  cheap  labour 
(of  women  and  children)  in  West  Africa,  it  has  yet  to  be  seen  whether 
the  machines  will  meet  with  extended  application  in  the  near  future. 
One  of  these  was  tested  at  the  Government  Botanic  Gardens,  Aburi, 
and  it  was  ascertained  that  by  using  it  the  cost  of  labour  was  reduced 
by  about  42  per  cent.  But,  at  the  same  time,  over  20  per  cent  of  the 
nuts  passed  through  the  machine  unbroken.  Haake's  machine  has 
been  also  tried  (see  "  Palm  Oil,"  p.  534),  but  according  to  reliable 
information  given  to  the  author  it  has  not  proved  successful.  The 
problem  of  expeditiously  cracking  the  nuts  in  Africa  is,  therefore, 
still  an  unsolved  problem,  which  must  approach  its  solution  in  the 
future,  as  the  opening  up  of  the  coimtry  by  railway  lines,  and  the 
increased  facilities  of  transport  by  water,  will  assist  in  emphasising 
the  enormous  waste  that  is  being  incurred  at  present.  It  has  also 
been  attempted  to  express  palm  kernel  oil  on  the  spot,^  but  the  presses 
were  too  heavy  to  be  worked  by  women  and  children,  and  therefore 
fell  into  disuse.  In  this  connection  the  author  may  state  that  it  would 
hardly  pay  under  present  circumstances  to  extract  the  oil  on  the  spot, 
as  the  residual  cake,  forming  about  50  per  cent  of  the  kernels,  has  a 
high  value  in  Europe,  whereas  it  would  be  perfectly  valueless  in  West 
Africa.  The  quantities  of  palm  kernels  that  are  imported  into  Em-ope 
are  given  in  the  following  table  : — 

'  Nut-cracking  machines  have  been  made  by  Miller  and  by  ffaake,  but  hitherto  they 
have  not  been  able  to  supplant  manual  labour.  Cp.  also  S.  C.  Phillips,  English  patent 
9733,  1907. 

^  Cp.  J.  Ambleston,  English  patent  20185,  1904. 
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Imports  of  Palm  Kernels  into  Hamburg,  Liverpool,  and  Marseilles 


Year, 

Imported  into 

Imported  into 

Imported  into 

Hamburg. 

Liverpool. 

Marseilles. 

Tons. 

Tons. 

Tons. 

10/ 0 

1,796 

lOOU 

2,760 

lOo.O 

20,288 

28,864 

13,385 

loyo 

J.  vX,  Do  1 

SS  707 
00,  f  \Ji 

19,667 

iQvi 

12,967 

1  QQQ 

10,953 

T  QOQ 

iUOj  ZVJO 

7,685 

lyuu 

117  Qft7 

111 jVOf 

8,287 

lyui 

8,893 

lyu^ 

iDUjUyy 

32,404 

8,096 

1903 

152,078 

25,446 

4' 628 

1904 

159,118 

26,500 

7,514 

1905 

156,708 

22,000 

3,552 

1906 

151,105 

25,280 

4,170 

1907 

188,019 

23,450 

4,412 

1908 

193,468 

20,226 

1,675 

1909 

235,616 

17,206 

3,639 

1910 

256,668 

23,826 
20,799 

1,262 

1911 

280,429 

1,832 

The  cHef  centre  of  the  palm  kernel  oil  industry  is  Harburg  (near 
Hamburg),  whence  most  of  the  palm  kernel  oU  used  in  England  is 
shipped.    The  following  table  shows  the  imports  of  palm  kernel  oil  :— 


Palm  Kernel  Oil  imported  into  Liverpool 


Year. 
1900 
1901 
1902 
1903 
1904 
1905 
1906 

1907  (year  of  high  prices  for  oils) 
1908 
1909 
1910 
1911 
1912 


Tons. 
3,892 
4,744 

15,004 
8,448 

14,438 

11,292 
7,128 

14,658 
6,962 
9,690 
5,439 
1,722 
1,998 


At  present  considerable  quantities  of  palm  kernel  oil  are  being  pro- 

taiSman  trade  in  palm  kernel  oU  are  given  in  the  following 
table  : — 


XIV 


PALM  KERNEL  OIL 


617 


Imports. 

Exports. 

From 

1911. 

1912. 

To 

1911. 

1912. 

Belgium 

3 

Belgium  . 

733 

779 

United  Kingdom 

128 

.  3 

Denmarlt  . 

613 

323 

United  Kingdom 

11,837 

5,879 

Holland 

374 

433 

Austria-Hungary 

0,944 

6,428 

Finland 

397 

338 

Switzerland 

1,389 

1,616 

United    States  of 

America 

14,911 

15,826 

The  total  annual  production  of  palm  kernels  in  the  French  colonies 
reaches  about  30,000  tons  per  annum.  The  following  table  gives 
some  details : — 


Exports  of  Palm  Kernels  from  the  French  Colonies 
In  metric  tons 


Tear. 

Senegal. 

French 
Guinea. 

Ivory  Coast. 

Dahomey. 

French  Congo. 

1900 

430 

2385 

3108 

21,986 

688 

1901 

733 

2103 

2982 

24,212 

611 

1902 

481 

2894 

3417 

29,778 

728 

1903 

772 

2819 

2840 

21,685 

621 

1904 

903 

2855 

3366 

25,997 

691 

1905 

903 

2810 

3169 

17,480 

667 

1906 

1045 

2930 

3217 

18,835 

442 

1907 

1431 

3748 

3351 

18,810 

1908 

1517 

3509 

23,035 

389 

1909 

1191 

3762 

5191 

33,224 

375 

1910 

1439 

4579 

5422 

34,783 

577 

The  imports  of  palm  kernels  into  Marseilles  have  decreased  con- 
siderably during  the  last  ten  years,  and  at  present  kernels  are  only 
occasionally  expressed  there.  This  is  due  to  the  cake  not  finding  a 
ready  sale  as  cattle  food  in  the  South  of  France,  the  cocoa  nut  cake 
having  almost  completely  ousted  the  palm  kernel  cake  from  that 
market.  In  fact,  the  small  quantities  of  cakes  that  were  prepared  in 
the  Marseilles  market  were  extracted  with  carbon  bisulphide,  to  re- 
cover the  whole  amount  of  oil ;  hence  the  extracted  cakes  had  only 
value  as  manure.  (At  present  the  extraction  of  palm  nut  cake  with 
solvents  has  been  abandoned  in  Marseilles  as  being  unremunerative, 
but  is  still  continued  on  a  large  scale  in  Hamburg.  An  apparatus  for 
the  extraction  with  benzene  has  been  patented  by  Diehm  and  Knolle?- 


'  German  patent  262,194. 
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Tlie  small  quantities  that  are  made  in  Marseilles  are  sold  as  cattle 
food.)  In  Germany,  on  the  other  hand,  palm  kernel  cakes  find  a  ready 
outlet  as  food  for  young  pigs. 

The  kernels  are  screened  to  free  them  from  shells,  stones,  nails, 
and  hammerheads,  passed  over  magnetic  separators,  and  then  ground 
between  roUers  to  a  paste.  The  pulpy  mass  is  either  expressed  in 
hydraulic  presses  or  extracted  with  solvents.  In  the  first  process  the 
meal  must  be  pressed  twice,  on  account  of  the  large  proportion  of  fat 
the  kernels  contain. 

On  a  commercial  scale  the  first  expression  of  palm  kernel  meal  is 
carried  out  at  a  temperature  of  45-50°  C.,  the  second  at  55-60°  C.  Thus 
43-45  per  cent  of  palm  kernel  oil  is  recovered. 

The  press  cake  contains  6-8  per  cent  of  oil ;  its  proportion  of  nitrogen 
is  small  (about  2-5  per  cent) ;  hence  its  value  as  cattle  food  is  some- 
what low.  For  the  same  reason  the  extracted  meal  has  little  manurial 
value. 

The  variations  of  the  percentage  of  oil  in  the  kernels  will  be  gathered 
from  the  following  two  tables.  The  first  table,  due  to  Fendler,^  refers 
to  the  varieties  of  palm  fruits  described  above  (p.  537). 


Variety. 


De         .       .  . 

De  de  balcui  . 
Se  de  . 
Afa  de  . 

Small -fruited  Lisombe 
Large-fruited  Lisombe,  ripe 
Large-fruited  Lisombe,  unripe 


Oil. 
Per  cent. 


Moisture. 
Per  cent. 


43-7 
49-1 
49-2 
45-5 
49-2 

48-  9 

49-  2 


8-2 
6-5 

5-  9 

6-  5 


The  numbers  given  in  the  following  table,  due  to  Nordlinger,^  refer 
to  commercial  brands  of  palm  kernels  : — 


Origin  of  Palm  Kernels. 


Sierra  Leone 
Island  of  Slierboro 
Liberia 
Grand  Bassa 
Half  Jack 
Apollouia 
Dixcove  . 
Cape  Coast  Castle 
Winnebah 
Quitta 
Togo  District,  German 


Proportion  of  Fat. 
Per  cent. 


48 
46 
49 
50 
50 
47 
48 
50 
46 
48 
52 


Origin  of  Palm  Kernels. 


Togo  Distr 
Lagos 
Benin 
Niger 
Brass 
Calabar 
Bonny 
Opobo 
Cameroons 
Congo 
Loauda 


iot,  Frenuli 


Proportion  of  Fat. 
Per  cent. 


49 
50 
49 
50 
52 
50 
51 
52 
49 
47 
50 


1  lierichie  d.  Pharm.  Oes.,  1903,  115. 
-  Journ.  Soc.  Cliem.  Ind.,  1895,  585. 
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The  colour  of  palm  kernel  oil  is  white  to  pale  yellow.  In  the  fresh 
state  the  oil  is  neutral  and  has  a  pleasant  smell  and  an  agreeable  nutty 
taste.  Commercial  samples  contain,  however,  notable  amounts  of 
free  fatty  acids.  The  following  table  gives  the  proportions  found 
in  various  samples  of  palm  nut  oil : — 


Free  Fatty  Acids  in  Palm  Kernel  Oil 


Kind  of  Oil. 

No.  of  Samples. 

Free  Fatty  Acids  as  Oleic  Acid. 

Observer. 

Expressed  oil 

Extracted  oil 
»>  J) 

27 
2 
6 

10 
5 
4 

Per  cent.' 

3 -  30-17 -65 
9-8  -11-16 

2-  6  -  6-2 

4-  17-11-42 
6-38-  8-69 

3-  29-  4-13 

Nordlinger 

Emmerling 

Lewkowitsch 

Nordlinger 

Emmerling 

Fendler 

Emmerling'^  found  the  following  increases  in  the  amounts  of  free 
fatty  acids  in  some  specimens  of  oil  kept  in  closed  bottles  for  two 
years : — 


Sample  No. 

Free  Fatty  Acid  calculated  as  Oleic  Acid, 

Fresh  Oil. 

After  Two  Years. 

Per  cent. 

Per  cent. 

1 

7-39 

9-25 

2 

6-38 

8-59 

3 

7 -.54 

8-74 

4 

9-80 

11-86 

On  exposure  to  the  air  for  four  months  the  amount  of  free  fatty 
acids  increased  but  little,  viz.— from  8-59  and  8-74  to  9-10  and  10-00 
per  cent  respectively;  whilst  the  amount  of  volatile  fatty  acids, 
measured  by  the  Reichert-Meissl  value,  increased  after  four  months' 
exposure  to  the  Ught  from  5-96  and  541  to  6-69  and  6-38.  The  same 
samples  kept  in  the  dark  showed  after  the  same  time  7-28  and  6-53 
respectively. 

The  iodine  values  also  decreased  on  keeping  in  closed  bottles,  as 
shown  in  the  following  table  : — 


'  Landw.  VersuchssL,  1898,  51. 
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Sample  No. 

Iodine  Value. 

Fresh  Oil. 

Oil  Irnnr,  Twn 

Years  in 
Closed  Bottle. 

1 

16-23 

11-28 

2 

16-76 

10  06 

8 

15-37 

10-56 

4 

15-30 

11-94 

Palm  kernel  oil  dissolves  completely  in  four  volumes  of  absolute 
alcohol  at  32°  C.  {Milliau  i). 

The  chemical  composition  of  palm  kernel  oil  is  not  fully  known. 

Valenta  ^  examined  the  mixed  fatty  acids.  By  passing  a  current 
of  steam  through  the  acids  a  small  quantity  volatilised ;  the  distillate 
consisted  of  caproic  acid,  and  most  likely  also  of  caprylic  acid.  After 
drying  the  acids  that  remained  behind  and  distilling  them  fractionally, 
at  a  pressm-e  of  100-160  mm.,  six  fractions  were  obtained,  the  exami- 
nation of  which  led  to  the  results  recorded  in  the  table  : — 


Fraction 
No. 

Boiling 
Point. 

Melting 
Point. 

Saponlf. 
Value. 

Iodine 
Value. 

Yield. 

Saturated 
Fatty 
Acids. 

Oleic 
Acid. 

Constituents 
of  tlie 
Fraction 

1 

2 
8 

i 
6 

6 

•  C. 

185-190 
190-200 
200-205 
205-225 
226-245 

246-270 

°C. 

81-5 
S7-5 
S2-5 
81-6 

85-0 

810 
275 
264 
261 

219 

0 

2-  6 

3-  41 
7-8  f 

16-7 

41-3 

Per 
cent. 
4 
10 

68 

15 

5 

Per  cent. 

100 
97-2 
/  963 
\91-5 
81-7 

54-6 

Per 
cent. 
0 

2-  8 

3-  7 
8-5 

18-5 

45-8 

Caprylic,  caprio 
Capric,  oleic 
Laurie,  capric,  oleic 

Laurie,  myristic, 
oleic 

Myristic,  palmitic, 
oleic 

7 

Bosldue 

8 

A  number  of  experiments  made  in  the  author's  laboratory  yielded 
insoluble  volatile  acids  {Polenske  method)  10-12. 

The  volatile  fatty  acids  of  a  specimen  of  palm  kernel  oil  having 
the  (very  high)  acid  value  34,  Reichert-Meissl  value  5-2,  and  the  number 
for  insoluble  volatile  acids  (see  "Butter  Fat")  9-3,  were  examined 
by  0.  Jensen,^  who  states  that  butyric  acid  was  absent,  and  that  the 
amounts  of  deci-normal  alkah  required  for  caproic,  caprylic,  and  capric 
acids  for  5  grms.  of  the  palm  kernel  oil  were  2-5  c.c,  1-1  c.c,  and  23-0 
c  c.  respectively  (cp.  "  Cocoa  Nut  Oil,"  p.  643). 

Elsdon,^  by  following  Haller's  method  of  alcoholysis  (cp.  Vol.  1. 
p.  665),  resolved  the  fatty  acids  of  palm  kernel  oil  into  the  following 
fractions : — 


1  Compt.  rend.,  1892  (115),  517. 

2  Zeitschr.  /.  angew.  Chevi.,  1889,  335. 

»  Zeits.  f.  Unters.  d.  Nahrgs-  u.  Genussm.,  1905, 
*  Analyst,  1914,  78. 
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Caproio  acid  .  .  2  Myristio  acid  .  .  12 

Caprylic  acid  .  .  5  Palmitic  acid  .  .  9 

Capric  acid  .  .  6  Stearic  acid  .  .  7 

Laurie  acid  .  .  65  Oleic  acid  .  ,  4 

The  amount  of  oleic  acid  appears  to  be  too  low. 

Tlie  chief  constituent  of  palm  kernel  oil  is  therefore  lauric  acid. 
From  the  iodine  value  the  author  calculates  the  proportion  of  oleine  as 
12-20  per  cent.  The  older  statement  of  Oudemans  that  palm  kernel 
oil  contains  26-6  per  cent  of  oleic  acid,  must  be  abandoned  as  erroneous. 
Palm  kernel  oil  is  very  nearly  related  in  its  chemical  composition  to 
cocoa  nut  oil.  Like  the  latter  it  is  remarkable  on  account  of  its  high 
saponification  value,  and  the  notable  amount  of  glycerides  of  volatile 
fatty  acids  it  contains  (cp.  "  Cocoa  Nut  Oil,"  p.  643).  It  also  requires, 
like  cocoa  nut  oil,  strong  caustic  soda  lye  for  saponification,  and  yields 
a  hard  white  soap,  which  is  only  thrown  out  in  the  "  salting  out " 
process  by  a  large  amoimt  of  salt.^ 

Palm  kernel  oU  is  largely  used  for  soap-making,  chiefly  in  admixture 
with  other  oUs  and  fats.  Like  cocoa  nut  oil  it  is  eminently  suitable 
for  the  manufacture  of  soaps  by  the  cold  process.  The  freshest  oil 
is  employed  in  the  manufacture  of  vegetable  butter  (like  "  Cocoa  Nut 
Oil "  (p.  648)),  and  of  "  Chocolate  Fat." 

In  this  latter  manufacture  a  hard  fat  ("  palm  nut  stearine  ")  is 
obtained ;  the  liquid  "  folm  nut  oleine,"  being  a  by-product,  is  used 
in  soap-making.  A  sample  of  palm  nut  oleine,  examined  by  the  author, 
had  the  titer  test  16-8-17°  C. 

Palm  nut  oil  is  not  adulterated  with  other  fats  (cp.  also  p.  648). 
The  edible  variety  of  palm  nut  oil  is,  however,  used  for  adulterating 
butter  fat  and  cacao  butter  (see  p.  587). 

'  Cp.  Lewkowitsch,  Journ.  Soc.  Dyers  and  Qolourists,  1894,  March  :  Jo^t,rn.  Soc. 
Chem.  Ind.,  1894,  258. 
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(h)  COCOA  NUT  OIL 

French— 5ei<?Te  de  coco  ;  huile  de  coprah.  German— Zo/cosoZ ; 
Kohosnussbl.  Italian — Burro  di  cocco. 

For  tables  of  characteristics  see  pp.  645-647. 

Cocoa  nut  oil  is  the  fat  obtained  from  the  kernels  of  the  cocoa  nut, 
especially  fi-om  those  of  the  two  species  Cocos  nucifera,  L.,  and  Cocos 
butyracea,  L. 

Cocos  nucifera  grows  on  all  coasts  and  islands  of  the  tropics ;  in 
fact,  It  may  be  considered  a  cosmopolitan  of  all  tropical  coast  lines  in 
both  hemispheres. 

De  Candolle  is  of  the  opinion  that  the  cocoa  nut  tree  is  indigenous 
to  the  Islands  of  the  Malayan  Archipelago,  whence  the  nuts  were  driven 
by  the  sea  cui-rents  towards  the  East  to  the  Pacific  Islands  and  the 
coasts  of  Central  America,  and  towards  the  West  to  Ceylon  and  the 
east  coast  of  Africa.^ 

The  fruits  falling  into  the  sea  are  carried  by  the  waves  into  distant 
countries,  and  the  seed,  being  weU  protected  by  the  "  coir  "  (fibres), 
IS  able  to  germinate  on  all  shores  (islands  and  even  coral  reefs)  where 
the  frmts  may  be  deposited.  The  tree  grows  best  in  the  neighbourhood 
of  the  coast  and  a  few  miles  inland  at  low  altitudes.  It  wiU  also  grow 
far  inland,2  but  there  it  no  longer  bears  fruit ;  nor  does  it  bear  fruit 
in  sub-tropical  cUmates.  It  forms  large  forests,  especially  on  the 
coasts  of  Ceylon,  Java,  and  the  PhiUppines.  On  account  of  its  mani- 
fold uses,  the  tree  has  been  cultivated  early  in  the  history  of  mankind, 
and  the  fruits  were  therefore  gathered,  so  to  speak,  on  a  commercial 
scale,  not  only  in  the  localities  named,  but  also  in  all  South  Sea  Islands, 
Madagascar,  Mauritius,  Ceylon,  Zanzibar,  the  East  and  West  Coasts 
of  Africa,  the  Antilles,  and  the  coast  lines  of  tropical  South  America. 

According  to  the  Cocoa  Nut  Planters'  Manual,  the  area  under  culti- 
vation for  cocoa  nut  palms  in  1907  was  as  follows  :— 


Hectares. 

Acres. 

Ceylon  . 
South  America 
India 

Straits  Settlement,  Philippines 
Java,  Sumatra 

South  Sea  (Pacific  Islands)  .... 
Mauritius,  Seychelles,  Madagascar,  Zanzibar, 
^  Reunion,  and  East  African  Coast 
Siam  and  Cochin  China  . 
West  Indies  . 

330,525 
202,350 
161,880 
141,645 
101,175 
105,200 

44,517 
40,470 
44,517 

760,000 
600,000 
400,000 
350,000 
250,000 
260,000 

110,000 
100,000 
110,000 

I  ^^^^^>      Cocotier,  Paris,  Duuod  and  Piuat,  1906. 
Cocoa  nut  trees  grow  at  Luang- Priibnng,  in  ludo-Cliinii, 
miles  from  the  wea.  ' 


a  distauco  of  al)out  100 
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Cocos  butyracea  is  indigenous  to  Brazil,  and  yields,  together  with 
Cocos  nucifera  (and  all  the  other  species  of  the  cocos  family  mentioned 
akeady,  such  as  Cocos  sclerocarpa,  etc.),  the  chief  quantities  of  cocoa 
nut  fats  that  are  consumed  locally.  The  exported  cocoa  nut  oil  is, 
however,  mainly  derived  from  Cocos  nucifera. 

The  cocoa  nut  tree  flowers  when  about  6  or  7  years  old,  and  begins 
to  bear  fruit  fully  when  it  has  reached  the  age  of  about  8  to  10  years. 
It  then  retains  its  fertility  up  to  an  age  of  60  years  and  more,  and 
under  favom-able  conditions  (as  regards  soil  and  moisture)  it  even 
bears  fruit  up  to  the  age  of  100  years.  The  cocoa  nut  palm,  when  in 
full  vigour,  produces  about  sixty  nuts  annually.  The  nuts  contain  a 
fleshy  endosperm  built  up  from  a  milky  juice  rich  in  oil.  At  the  period 
of  maturity  of  the  fruit  the  milky  juice  has  disappeared  almost  com- 
pletely, and  the  endosperm  forms  the  well-known  cocoa  nut  kernel 
("  cocoa  nut  meats  "),  inside  which  the  remainder  of  the  milky  juice 
—cocoa  nut  milk— is  enclosed.^  The  kernel  contains  from  30  to  40  per 
cent  of  fat,  and  about  50  per  cent  of  moisture.  One  thousand  nuts 
yield  about  200-250  kilos,  of  dried  kernel  (containing  on  the  average 
about  10  per  cent  of  moisture),  which  is  known  under  the  name  of 

''"^stnce  the  earliest  time  in  the  history  of  mankind,  the  kernels  have 
been  used  by  the  natives  of  the  South  Sea  Islands,  and  especially  of 
India  as  one  of  their  chief  articles  of  food.  The  mode  of  preparmg 
the  on  as  practised  centuries  ago,  would  therefore  hardly  have  differed 
from  the  primitive  methods  described  in  the  foregomg  pages  for  the 
preparation  of  other  fats,  such  as  palm  oil,  carapa  oil,  etc.  Thus  on 
many  South  Sea  Islands  the  kernels  were  cut  mto  smaU  pieces  and 
exposed  in  piles  to  the  sun,  when  the  oil  would  run  off  spontaneously. 
An  improvement  on  this  method  consisted  in  convertmg  the  kernels 
into  pulp,  placing  the  latter  in  vessels  perforated  with  holes  and  ex- 
posing them  to  the  sun,  when  the  oil  would  run  through  the  holes. 
The  oil  was  then  collected  and  carried  in  bamboo  sticks  to  the  market, 
a  method  which  is  still  being  practised  nowadays,  or  has  been  prac- 
tised up  to  a  few  years  ago,  in  the  outlying  parts  of  the  Phihppmes. 

1  Kecent  analysis  by  A.  Behre  [Pharm.  Zentralbl.,  1906,  145)  of  the  cocoa  nut  milk 
from  three  Ceylon  cocoa  nuts  gave  the  followmg  results  :— 


Specific  gravity  at  15°  C. 

100  CO.  contained — 
Water  . 
Extract 
Ash 

Proteids 
Pat 

Phosplioric  acid  as  P2O5 
Clilorine 

[olD  in  200  mm.  tube  before  conversion 
„   after  conversion 


1-0244 

94-20 
5-797 
0-665 
0-811 

0-051 
0-168 

+3°  28' 

-V  8' 


1-0269 

93-55 
6-447 
0-802 
0-300 
0-015 
0-103 
8-220 
+4°  12' 
-2°  1' 


1-0325 


92-25  grms. 

7-746  „ 

1-000  ,. 

0-441  „ 

0-014  „ 

0-182  „ 

0-221  „ 
10' 
25' 


+5 
-2 


Cp.„also  E  ^^^y^'^:!^^^^^^^^  Z  ^I^"^  Chi°  a  an. 

de  rindo- Chine,  Hanoi,  1906. 
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Further  progress  was  marked  by  the  endeavour  of  the  natives  to  render 

their  process  of  manufacture  independent  of  the  heat  of  the  sun  

as  in  the  rainy  season.  Thus  the  kernels  were  laid  on  hurdles,  formed 
fi-om  bamboo  staves  and  cocoa  nut  leaves,  and  dried  over  a  slow  fire. 
The  dried  kernels  were  then  pounded  and  subjected  to  expression  in 
an  improvised  press  (cp.  Chap.  XIII.). 

In  India,  where  cocoa  nut  oil  became  at  an  early  date  an  exten- 
sively used  food  product,  and  where  it  not  only  replaced  butter,  but 
was  also  used  for  pharmaceutical  pm-poses,  more  refined  methods  of 
preparation  were  resorted  to.  The  nuts  were  split  into  halves  by  a 
blow  with  a  sharp  instrument,  the  cocoa  nut  milk  was  pom-ed  off, 
and  the  halves  exposed  to  the  sun  to  dry,  when  the  kernels  became 
readily  detachable  fi-om  the  shell.  The  dried  kernels  were  then 
triturated,  and  expressed.  A  still  better  product  was  obtained  by 
throwing  the  pounded  kernels  into  boiling  water,  when  the  oil  rose  to 
the  top,  ready  to  be  skimmed  off.  The  residual  mass  was  used  as  cattle 
food  {cocoa  nut  poonac).  This  process  was  carried  out  with  special 
care  at  Cochin  on  the  coast  of  Malabar.  It  has  remained  in  existence 
to  the  present  day,  and  the  reputation  of  Cochin  cocoa  nut  oil  for  best 
quality  has  been  maintained  to  this  day  (see  below). 

In  carrying  out  the  primitive  processes  sketched  above  it  was 
found,  no  doubt  accidentally,  when  owing  to  a  good  harvest  a  surplus 
of  nuts  was  obtained,  that  the  kernels  could  be  preserved  for  some  ■ 
time  by  drying  them  thoroughly  so  as  to  remove  the  bulk  of  the  water. 
The  absence  of  a  considerable  quantity  of  moisture  prevented  the 
setting  in  of  excessive  hydrolysis  and  subsequent  rancidity,  and  at 
the  same  time  prevented  the  growth  of  fungi.  It  will,  therefore,  be 
readily  understood  that  at  an  early  stage  of  civilisation  the  produc- 
tion of  such  dried  kernels  ("  copra  ")  developed  into  a  manufacturing 
process. 

Cocoa  nut  oil  became  fii-st  known  in  Europe  in  the  eighteenth 
century,  but  did  not  find  any  extended  commercial  use  till  the  middle 
of  the  last  century. 

The  first  important  consignment  of  cocoa  nut  oil  appears  to  have 
amved  m  this  country  in  the  second  decade  of  the  nineteenth  century. 
The  first  English  patent  dealing  with  cocoa  nut  oil  ("  as  imported  ") 
dates  from  1829  (English  patent  5842,  by  James  Soames  the  younger). 
The  first  mstallation  for  expressing  cocoa  nut  oil  in  this  comitry  fi-om 
copra  ("  copperah  ")  imported  perfectly  fresh  in  large  iron  tanks  filled  up 
with  cocoa  nut  oil,  appears  to  have  been  erected  by  W.  Tindall,  English 
patent  9230,  1842.  The  first  patent  claiming  the  manufacture  of 
soap  from  cocoa  nut  od  is  by  R.  L.  Stur levant,  English  patent  8870, 1841 ; 
when  Its  characteristic  properties  as  a  soap-malcing  material  were  fully 
recognised  and  rapidly  created  a  great  demand  for  the  oil.  This 
demand  has  since  then  grown  to  such  an  extent  (as  will  be  gathered 
from  the  statistical  tables  given  below)  that  almost  every  part  of  the 
tropics  IS  contributing  to  the  supply  of  cocoa  nut  oil.  And  yet  the 
production  of  this  oU  is  still  in  its  infancy,  and  strenuous  efforts  are 
bemg  made,  especially  in  the  West  Indies  and  at  the  West  Coast  of 
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Afiica,  to  increase  the  production.    In  commerce  three  qualities  of 
oil  are  distinguished  :  (1)  Cochin  oil,  (2)  Ceylon  oil,  (3)  Copra  oil. 

(1)  Cochin  oil  is  the  finest  and  whitest  quality.  As  stated  already, 
a  considerable  amoimt  of  Cochin  oil  was  prepared  originally  at  the 
coast  of  Malabar  by  boiling  the  kernels  with  water  and  skimming  off 
the  oil.  This  oU  owed  its  fine  quality  to  the  fi-eshness  of  the  kernels. 
A  considerable  quantity  of  "  Cochin  oil  "  was  also  made  in  crude  native 
mills  by  expression  ;  during  the  latter  years  modern  plant  has  been 
introduced  into  India  such  as  is  in  vogue  in  Europe  (see  Chap.  XIII.). 
Cochin  oil  being  obtained  from  fresh  nuts,  remains  for  a  short  time 
only  exposed  to  the  air  in  contact  with  the  putrescible  matter  of  the 
kernel,  and  therefore  contains  only  a  very  small  amount  of  free  fatty 
acids.  The  author  foimd  the  proportions  varying  from  1-5  to  3  per 
cent,  calculated  to  oleic  acid.  Of  course,  other  cocoa  nut  oils  pre- 
pared from  fresh  kernels  with  the  same  care  are  equal  in  this  respect 
to  Cochin  oil.  Hence  the  name  "  Cochin  "  has  become  a  generic  term 
for  the  finest  quaUty  of  oil,  and  we,  therefore,  find  in  commerce  the 
commercial  brands  :  Cochin  Cochin-China,  Cochin  Australia,  Cochin 
Mauritius,  Cochin  South  America.  Cochin  "  reutre  "  "  neige  "  are 
special  qualities  of  white  filtered  oil. 

The  superiority  of  Cochin  oil  to  Ceylon  oil  seems  to  be  due  to  some 
extent  to  the  better  climate,  as  the  Malabar  coast  enjoys  a  larger 
number  of  dry  months  than  does  Ceylon.  Hence  the  kernels  can  be 
dried  in  the  sun,  whereby  a  whiter  and  better  flavoured  oil  is  obtamed 
than  the  Ceylon  oil  quality.  The  superiority  of  Cochin  oil  is,  however, 
chiefly  due  to  better  cultivation  of  the  plant  (manuring,  pruning, 
destruction  of  insects,^  etc.)  and  better  and  cleanlier  methods  of  manu- 
facture. The  Cochin  oil  is  also  stated  to  contain  a  larger  amount  of 
"  stearine "  than  the  Ceylon  oil.  But  this  appears  doubtful,  and 
may  be  due  to  the  larger  yield  of  "  stearine  "  obtainable  on  a  large 
scale,  owing  to  Cochin  oil  containing  a  smaller  amount  of  free  acids 
than  do  Ceylon  oils. 

By  expressing  the  kernels  in  the  cold  an  oU  of  the  sohdifymg  pomt 
13°-12°  C,  and  the  melting  point  20°  C,  is  obtained.  This  cold-pressed 
oil,  however,  is  not  a  commercial  product,  being  used  on  the  spot  as 
a  substitute  for  butter  fat.  i    i  -i- 

(2)  Ceylon  oil  is  prepared  in  a  similar  manner  (i.e.  either  by  boilmg 
or  by  expressing)  in  the  plantations  of  Ceylon.  This  oil,  no  doubt 
owing  to  a  certain  want  of  care  on  the  part  of  the  natives  as  compared 
with  that  exercised  by  the  natives  of  the  Malabar  coast,  represents  a 
second  quality  of  cocoa  nut  oU.  Ceylon  oil  contains  a  higher  percentage 
of  free  fatty  acids  than  Cochin  oil.  The  author  found  in  the  examina- 
tion of  a  large  number  of  samples,  extending  over  a  series  of  years, 
from  5  to  10  per  cent  of  free  fatty  acids  (as  oleic).  Owmg  to  the  changes 
which  the  putrescible  substances  of  the  kernels  have  undergone  before 

1  In  the  East  the  cocoa  nut  beetle  is  now  becoming  one  of  the  S^^^t^^'  Pf  .^f.^ 
r-nroa  nut  palm  The  ravages  effected  by  this  beetle  in  BanROon  are  such  that  the  total 
ZJpeaJance  of  the  tree"  is  feared.  In  Ceylon  special  reg^.lations  are  m  force  to 
prevent  the  spreading  of  this  pest. 


XIV  COCOA  NUT  OIL  627 

expression,  Ceylon  oil  possesses  tlie  peculiar  acrid  taste  wliich  a  cocoa 
nut  oil  of  a  somewliat  pronounced  rancid  character  has  acquired.  This 
drawback  seems  to  be  gradually  disappearing,  as,  according  to  private 
information  suppKed  to  the  author,  there  are  at  present  some  establish- 
ments at  Ceylon  in  which  cocoa  nut  oil  is  prepared  by  modern  methods, 
so  that  it  approaches  Cochin  oil  in  freshness  and  low  percentage  of 
fi-ee  fatty  acids.  The  "  poonac  "  is  consequently  of  the  same  good 
quahty  as  the  Malabar  "  poonac,"  and  considerable  quantities  are  even 
exported.  The  extent  to  which  the  cocoa  nut  oil  industry  has  grown 
in  Ceylon  may  be  gathered  fi-om  the  foUowing  tables,  giving  the  values 
in  rupees,  and  quantities  of  the  exports  of  some  of  the  cocoa  nut  pro- 
ducts fi-om  Ceylon  (cp.  also  table  below,  "Exports  of  Copra  ")  :— 
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A  fiu'ther  classification  of  the  quantities  of  cocoa  nut  oil  shipped 
from  Ceylon  during  recent  years  is  given  in  the  following  table  : — 


a 

o 

CO 

s 


1913. 

Tons. 

27,237 

1912. 

Tons. 
8,379 

8,302 

3,407 

20,088 

1911. 

Tons. 
16,640 

9,442 

2,982 

29,064 

1910. 

Tons. 
15,083 

7,508 

8,393 

30,984 

1909. 
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14,982 

9,847 

5,160 

29,989 

1G08. 
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16,357 

7,774 

8,086 

32,217 

1906. 

Tons. 
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4,896 

12,744 

26,953 

1905. 
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5,587 

8,162 

21,037  29,741 

1904. 

Tons. 
10,491 

5,073 

5,473 

Country. 

England 
America 

Other  countries  . 
Total  . 
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(3)  Copra  oil  is  prepared  in  modern  factories  in  Europe,  the  United 
States,  and  in  Australia  ^  from  copra  {i.e.  the  dried  kernels),  which  is 
imported  in  enormous  quantities  into  these  countries.    The  conversion 
of  the  kernel  into  "  copra  "  is  not  only  a  convenient  method  for 
reducing  the  cost  of  freight,  but  is  pre-eminently  a  cheap  process  for 
preserving  the  cocoa  nut  oil  as  far  as  possible.    The  earliest  process  of 
manufacturing  copra  consists,  as  has  been  pointed  out  above,  in  ex- 
posing the  broken  kernel  in  smaller  or  larger  pieces  to  the  sun,  when 
most  of  the  moisture  evaporates.    Fully  ripe  nuts  only  should  be  used 
in  the  preparation  of  copra.    Copra  so  prepared  is  sold  as  "  sun-dried  " 
copra.    The  sun-dried  copra  is  of  much  better  quality  than  the  kOn- 
dried  (see  below),  for  it  gives  a  light-coloured  cocoa  nut  oil  having 
only  a  slight  yellow  tinge,  which  can  be  readily  removed  by  treating 
the  oil  with  char  in  the  course  of  refining.    A  more  rapid  process  of 
obtaining  copra  is  to  dry  it  in  kilns  by  the  aid  of  fire.    The  primitive 
method  in  which  these  kilns  (originally  nothing  else  but  grills  con- 
sisting of  a  bamboo  grating  on  which  the  split  nuts  were  placed  face 
downwards)  were  erected  and  managed,  gave  the  fumes  ready  access 
to  the  copra  itself,  so  that  even  the  best  kiln-dried  copra  was  char- 
acterised by  a  peculiar  empyreumatic  smell.    The  inferior  brands  of 
copra  were  partly  roasted  or  even  burnt  at  the  outside.    Such  copra 
gives  a  yellowish  oil  which  proves  refractory  in  the  bleaching  process. 
At  present  improved  methods  of  drying  copra  in  kihis  are  being  intro- 
duced.   In  India,  as  also  in  some  of  the  Pacific  IslandTs,  drjnng  by 
hot  air  is  being  resorted  to.    The  best  practice  is  to  bring  the  nuts, 
immediately  after  they  have  been  picked  up,  into  sheds,  so  as  to  protect 
the  kernels  against  the  influences  of  sun  or  rain,  as  the  case  may  be. 
Then  the  fibres  ("  coir      are  removed,^  the  nuts  split  open,  when  the 
"  milk  "  runs  out,  the  kernels  cut  into  large  pieces,  and  the  "  meats  " 
placed  on  hm-dles,  consisting  of  bamboo  sticks  and  cocoa  nut  leaves 
arranged  on  small  waggons,  which  are  drawn  slowly  through  a  heated 
tunnel  in  which  the  copra  is  meeting  hot  air  on  the  counter  cm-rent 
principle.    The  copra  prepared  by  this  process  is,  up  till  now,  chiefly 
used  in  confectionery,  and  fetches  a  higher  price  than  sun-di-ied  copra. 

In  the  British  West  Indies  di-ying  by  means  of  hot  air  m  a  rotary 
dryer  has  been  introduced,  and  the  results  are  considered  very  satis- 
factory, as  thereby  the  best  copra  on  the  market  is  obtained.  Similar 
plant  is  being  introduced  in  the  Samoa  Islands. 

It  would  appear  that  di-ying  in  vacuo  would  be  a  still  more  prefer- 
able method.5  Although  H.  S.  Walker,''  who  has  carried  out  experi- 
ments on  a  smaU  scale  with  a  vacuum  apparatus,  states  that  this  method 
does  not  yield  satisfactory  results,  no  definite  conclusion  should  be 

1  Tlie  northern  coasts  are  now  being  planted  with  cocoa  nut  palms.  ^ 

2  Attempts  are  being  made  in  the  Straits  Settlements  to  use  this  for  the  manufacture 

°^^'fo;  the  utilisation  of  the  coir,  op.  Gaebele,  English  patent  12,596,  1906,  and  also 
Societe  Commerciale  des  Grins,  Freuch  patent  421,381. 

"  Detailed  instructions  as  to  the  erection  of  a  copra  drymg  house  are  given  by  A. 
Dommes,  Be?'  Tropenpflanzer,  1910,  288. 

"  Bridge,  English  patent  5633,  1912. 

»  The  Philippine  Journ.  of  Science,  vol.  i.  p.  118. 
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drawn  from  these  experiments,  inasmuch  as  they  were  carried  out  on 
too  small  a  scale,  and  the  kernels  were  exposed  for  too  long  a  time  to 
an  elevated  temperatiu-e.  In  the  author's  opinion  a  process  which 
combines  the  rotary  dryer  with  the  application  of  vacuum  should 
yield  satisfactory  results.^ 

To  obtain  a  perfectly  white  copra,  the  fleshy  part  of  the  nut  must 
be  brought  as  soon  as  possible  into  a  drying  chamber  and  heated  to 
a  temperatui-e  of  from  60  to  70°  C.  Fresh  copra  yields  from  60  to  65 
per  cent  of  dry  copra.^ 

Whereas  the  fresh  kernels  contain  about  3040  per  cent  of  fat,  the 
sun-dried  copra  contains  as  much  as  50  per  cent.  In  kiln-dried  copra 
the  percentage  of  fat  rises  to  63  per  cent  and  even  65  per  cent.  In 
hot-air-dried  copra  the  percentage  of  fat  reaches  even  74  per  cent. 
If  the  copra  is  properly  dried  so  that  the  percentage  of  water  falls 
to  about  4  per  cent,  fungi  do  not  develop  on  it,  and  the  fat  will  con- 
sequently undergo  little  change  during  transport  (in  bags)  on  board 
ship.  A  process  by  which  the  copra  is  treated  with  a  mixture  of 
sulphurous  anhydride  and  air  has  been  protected  by  Marot.^  Copra 
as  now  made  retains,  however,  mostly  9  or  10  per  cent  of  water,  a 
proportion  which  favom-s  the  growth  of  fungi.  Hence  such  copra  is 
easily  attacked  by  them,  with  the  consequent  deterioration  of  the  oil 
(see  Vol.  I.  Chap.  I.),  and  the  formation  of  free  fatty  acids. 

The  following  table,  due  to  ScMndler  and  Waschata,^  shows  in  detail 
the  percentages  of  fat  obtained  in  the  examination  of  some  kiln-riedd 
and  hot-air-dried  copras  : — 


Cp.  Lewkowitsch,  Evaporation  in  Vacuo,  Journ.  Soc.  Ohem.  Ind.,  1905,  49. 
2  A.  Dommes,  Der  Tropenpflanzer,  1910,  288. 
^  English  patent  6379,  1906. 

Qliem.  Revue,  1905,  169. 
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No. 

Origin. 

Year. 

Water. 

Fat. 

1 

Ceylon  .... 

1900 

71-40 

2 

)  1             .       *  . 

1900 

67-36 

3 

It             .       t  . 

1901 

3-65 

69-17 

4 

Peuaug  .... 

1900 

68-95 

5 

1900 

67-08 

6 

1}  _  ' 
Sangir  .... 

1900 

68-93 

7 

Malabar 

1900 

71-03 

8 

Singapore      .  . 

1900 

69-05 

g 

1900 

65-91 

10 

Java  .... 

1900 

68-77 

11 

" 

1900 

67-06 

19 

»)        ■       •       •  • 

1902 

66-21 

13 

PoTif.ianalc 

1900 

65-43 

14 

1900 

4-61 

64-47 

15 

f.sTiecial  Qualitv) 

1900 

67-55 

16 

» )           •                         '  ' 

1901 

67-10 

17 

1901 

68-57 

18 

)  1 

1902 

68-34 

19 

Pacific  Islands 

1900 

4-10 

74-72 

20 

Zanzibar 

1901 

70-23 

21 

Tangiers 

1903 

67-00 

Means  of  twenty-one  analyses 

68-30 
74-72 
64-47 

A  comparative  examination  of  the  nuts  from  Zanzibar  and  Kilosa 
was  undertaken  by  Lommel}  The  nuts  were  dried  in  the  shell  and 
the  copra  pressed.  The  pressure  residues  were  extracted  with  carbon 
tetrachloride.    The  results  are  tabulated  below  : — 


Nuts  from  Zanzibar. 

Nuta  from  Kilosa. 

Yield  of  copra,  per  cent 

24-30 

18-31 

Cold  pressed  oil,  per  cent  . 

27-38 

37-44 

Extracted  oil,  per  cent 

22-33 

16-26 

In  the  following  table  an  attempt  is  made  to  classify  the  different 
copras  on  the  market  in  the  order  of  their  quaUty,  commencing  with 
the  best.  It  should,  however,  be  noted  that  the  order  is  subject  to 
great  fluctuations,  and  must  vary  from  year  to  year  :— 


Kind  of  Copra. 
Malabar  .... 
Seychelles  ^         .         .  . 
Venezuela  (Caracas,  Porto  Cabello) 
Ceylon  .... 


Mode  of  Drying. 
Sun-dried 


>  PJlanzer,  1910,  119. 


Cp.  Bull.  Imp.  Inst.,  1909,  394. 
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Kind  of  Copra. 

Java 

Cebu  (Philippines) 
Mozambique 
Noumea  (New  Caledonia) 
Dahomey  (Quittah) 
Celebes 
Borneo 
Sumatra 
Macassar 
Manila 
Zanzibar 
Saigon 

Pacific  Islands 


Mode  of  Di-ying. 
Sun-dried 


Kiln-dried 

99 

Sun-dried 


The  copra  is  treated  in  the  oil  mills  in  a  sirmlar  manner  to  that 
in  which  palm  kernels  (see  p.  614)  are  worked  up.  The  meal  is  ex- 
pressed twice  at  a  temperature  of  55  to  60°  C. ;  the  practical  yield  of  oil 
varies  from  63  to  66  per  cent  according  to  the  content  of  oU  in  the 
raw  material.  The  expressed  oil  contains,  according  to  the  quality 
of  the  copra,  more  or  less  of  free  fatty  acids. 

The  author  found  in  a  large  number  of  copra  oUs  up  to  25  per  cent 
of  free  fatty  acids  (see  p.  619,  "  Palm  Kernel  Oil,"  and  Chap.  XIII.). 

The  oils  high  in  content  of  free  fatty  acids  are  sold  for  soap-making 
purposes  after  a  preliminary  boiUng  up  with  water  and  filtration. 
Only  the  most  carefully  prepared  copra  will  yield  an  oil  that  can  be 
used  for  edible  purposes  (cp.  Chap.  XV.  "  Vegetable  Butters"). 

According  to  Richardson  cocoa  nut  oils  have  come  on  the  market 
having  iodine  values  of  18-24.  These  oils,  he  found,  had  been  pre- 
pared from  copra  containiug  large  quantities  of  rind  parings.  He 
shows  by  experiment  that  the  oils  from  the  "  meat  "  and  the  rind  had 
the  iodine  values  8-9  and  40-25  respectively. 

The  cocoa  nut  cakes  contain  from  7  to  10  per  cent  of  fat,  but  are  ' 
low  in  percentage  of  proteins  (about  20  per  cent)  as  compared,  e.g. 
With  sesame  cakes.    Nevertheless  the  cocoa  nut  cakes  form  a  valuable 
food  for  daury  cattle  ;  they  are  said  to  increase  the  well-being  of  milch 
cows  and  to  stimulate  the  secretion  of  milk.i 

It  should,  however,  be  stated  that  Eineclce  ^  demonstrated  by  ex- 
periments that  cocoa  nut  cake  has  rather  a  depressing  than  a  stimulat- 
ing action  as  regards  the  quantity  of  fat  in  the  milk,  and  that  therefore 
the  influence  of  cocoa  nut  cake  on  milk-fat  production  should  be  judged 
as  being  nil.  In  Germany  the  press  cakes,  after  extraction  with  volatile 
solvents,  are  used  as  cattle  food. 

Trials  have  been  made  to  extract  the  cocoa  nut  oil  from  copra 
by  solvents,  but  all  attempts  have  been  abandoned  owing  to  the  un- 
remunerativeness  of  the  process  (cp.  Chap.  XIII.  p.  27).  Only  under 
exceptional  market  conditions,  such  as  the  extremely  high  prices 

'  pP-  Garola,  Conlri/nUion  d  I' etude  des  tourleaux  alimentaires,  Chartres,  1892  ;  cf. 
also  Collin  and  Perrot,  Les  RSsidus  industriels  utilises  par  V agriculture  comme  tdimcnts 
et  cmnme  engrais,  Paris,  1904. 

^  Mitt,  deslandw.  Instil,  d.  Univ.,  Breslau,  1903,  2,559. 
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ruling  in  1907  for  cocoa  nut  oil,  does  it  pay  to  extract  the  oil  from 
the  cake  by  means  of  solvents,  and  to  seU  the  residue  for  manuring 
the  land. 

Copra  yielding  cakes  unfit  for  cattle  food  is  extracted  with 
petroleum  ether  carbon  bisulphide  in  order  to  recover  the  valuable  fat. 

The  amounts  of  copra  coming  into  the  world's  markets  may  be 
gathered  from  the  following  table  : — 


[Table 
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1912. 

Tons. 
89,048 
81,709 

ll,"l20 

29,942 
9,332 

7^771 
11,130 
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o 
o 

t-( 

Tons. 
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1905. 

03100(MrHTi<020Tt< 
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From  tlie  numbers  given,  the  great  variation  in  the  production 
will  become  at  once  apparent.  (The  shortage  in  the  production  of 
1906  found  its  commercial  expression  in  the  very  high  prices  of  cocoa 
nut  oU  during  1907.)  Almost  the  total  quantity  of  Ceylon  copra  went 
to  Germany,  France,  Austria,  and  Belgium.  The  average  annual  pro- 
duction of  copra  in  the  Society  Islands  is  about  6399  tons. 

In  view  of  the  importance  which  Marseilles  has  gained  as  a  centre 
of  the  cocoa  nut  oil  industry,  the  following  tables  will  be  found  useful : — 


Impoiis  into  Marseilles  of  Copra  and  Cocoa  Nut  Oil 


Year. 


1846 
1857 
1875 
1880 
1885 
1890 
1895 
1900 
1905 
1910 
1911 
1912 


Copra. 


Kilogrammes. 
1,370,000 
960,000 
712,000 
852,900 
22,092,943 
34,163,594 
70,957,593 
94,360,000 

146,564,000 
185,108,000 
158,935,000 


Cocoa  Nut  Oil. 


Kilogrammes. 


1,076,560 
4,282,895 
2,435,402 
437 
18,241 
10,679 
1,233,308 
738,000 
1,011,000 
2,189,000 


Exports  from  Marseilles  of  Cocoa  Nut  Oil  {or  Copra  ^) : — 


Year. 

1870 
1875 
1880 
1885 
1890 
1895 
1900 
1905 
1910 
1911 
1912 


Tons. 

40 
106 
922 
2,303 
9,437 
7,610 
10,234 
10,776 
43,273 
45,280 
9,520 


The  quantities  of  copra  imported  into  France,  Marseilles,  and 
Hamburg  are  placed  side  by  side  in  the  following  table  :— 


'  The  exported  copra  is  ohieHy  shipped  to  tlie  United  States. 
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Tear. 


France. 


Marseilles. 


Hamburg. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 


81,378 
68,074 
69,453 
83,069 
106,101 
81,069 
91,953 
104,316 
88,111 
110,578 
102,984 
97,277 
152,104 
131,055 
153,817 
178,671 


75,206 
63,032 
63,398 
74,094 
94,360 
74,626 
85,382 
95,459 
81,126 
102,975 
97,720 
94,292 
162,109 
133,706 
146,664 
185,108 


83,669 
112,159 
155,989 
148,066 


21,084 
10,791 
14,096 
11,523 
21,034 
19,983 
43,522 
48,652 
48,586 
88,165 
79,942 


The  following  table  gives  a  synopsis  of  the  cocoa  nut  oil  trade  of 
the  United  Kingdom.  The  figures  given  above  for  the  shipments  of 
cocoa  nut  oil  from  Ceylon  are,  of  course,  included  : — 


Imports  of  Cocoa  Nut  Oil  into,  Exports  from,  the  United  Kingdom, 
and  Home  Consumption 


Year. 


Imports  of 
Cocoa  Nut  Oil. 


Exports  of 
Cocoa  Nut  Oil. 


Sold  for  Home 
Consumption. 


Tons. 


Tons. 


Tons. 


1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 


12,137 
15,355 
22,916 
27,637 
23,908 
24,793 
39,132 
30,762 
30,658 
26,902 
23,835 
37,920 
33,979 
51,995 
56,742 


3,568 
3,350 
5,299 
7,040 
8,138 
7,334 
11,075 
11,330 
12,860 
9,152 
8,199 
12,141 
14,958 
21,166 
8,704 


8,569 
12,005 
17,616 
20,597 
15,770 
17,459 
28,057 
19,432 
17,798 
17,750 
15,636 
25,779 
19,021 
30,829 
48,038 


Imports  and  exports  of  cocoa  nut  oil  of  Germany  for  1911  and  1912 
are  given  below  : — 
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Imports. 

Exports. 

From 

1911. 

1912. 

To 

1911. 

1912. 

Belgium 
India  . 

Metric 
Tons. 
530 
624 

Metric 
Tons. 
150 
136 

France 

United  Kingdom 
Holland 

Austria-Hungary 
Sweden 
Switzerland 
United    States  of 
America 

Metric 
Tons. 

147 
4102 
1541 
1007 
431 
411 

372 

Metric 
Tons. 

286 
14,655 

167 
1,419 

444 

497 

373 

Cocoa  nut  oil  is,  in  our  climate,  at  the  ordinary  temperatui-e  a  solid 
white  fat.  It  has  a  bland  taste,  and,  in  its  fresh  state,  the  pecuhar 
though  not  unpleasant  odour  of  cocoa  nuts.  The  opinion  generally 
accepted  up  to  a  short  time  ago  that  cocoa  nut  oil  easily  turns  rancid 
must  be  now  considered  as  erroneous.  This  opinion  was  due  to  the  fact 
that  the  cocoa  nut  oils  imported,  as  also  the  cocoa  nut  oil  made  from 
the  copra  as  shipped  up  to  a  few  years  ago,  generally  contained  not 
only  free  fatty  acids  but  also  products  of  rancidity  (following  in  the 
wake  of  the  formation  of  fi-ee  fatty  acids),  which  imparted  to  the  cocoa 
nut  oil  its  peculiar  objectionable  taste.  Even  after  the  free  fatty 
acids  were  removed,  some  impmities  [no  doubt  secondary  products, 
formed  by  the  action  of  fungi  (cp.  Chap.  I.),  or  enzymes  on  the  putre- 
scible  matter  of  the  kernels]  still  remained  in  the  fat,  causmg  it  to 
become  more  or  less  hydrolysed  and  subsequently  rancid  on  keeping. 
If  the  oil  is  prepared  fi'om  fresh  kernels  by  boiling  (as  is  done  on  the 
Malabar  coast  and  to  some  extent  in  Ceylon),  or  even  if  the  oU  is  pre- 
pared from  carefully  selected  and  well-dried  copra,  the  fat  undergoes 
very  little  change,  and  only  shows  a  slight  proportion  of  free  fatty 
acids.  Those  objectionable  products  of  rancidity,  which  cannot  be 
removed  by  any  practical  process  of  reJ&ning,  do  not  appear  in  a  care- 
fully prepared  oil.  It  is,  therefore,  possible  at  present  to  prepare 
edible  cocoa  nut  oU  which  behaves  as  regards  keepmg  quality  hke  any 
other  oU  or  fat.  The  best  edible  cocoa  nut  oUs  on  the  market  represent 
a  practically  neutral  cocoa  nut  oil  (cp.  Chap.  XV.  "Vegetable 

^''^S'^th J  preparation  of  the  best  brands  of  vegetable  butters  the  fi-ee 
fatty  acids  and  malodourous  substances  are  removed.  HaUer  and 
Lassieur  ^  isolated  a  smaU  quantity  of  an  essential  oil  m  which  they 
detected  methylheptylketone  and  methylnonylketone.  This  oil  is  very 
difficult  to  remove.  In  a  further  communication  these  observers  describe 
the  isolation  of  methylheptylketone,  methylnonylketone,  methylmid^cy  - 
ketone,  and  also  d-methylheplylcarbmol  and  d-methyhionylcarbmol, 
of  which  the  Isevo-isomerides  are  contamed  m  the  oil  o  rue.  An 
undetermined  aldehyde  was  also  detected.    They  attribute  the  presence 


1  Coinpt.  rend.,  1910,  1013. 
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of  these  bodies  and  the  corresponding  unpleasant  smell  of  rancid  cocoa 
nut  oil  to  the  action  of  a  zymase,  or  enzyme  on  the  copra.  Some 
makers  also  take  out  a  portion  of  the  liquid  glycerides  by  expression 
in  hydraulic  presses.  In  the  manufactm-e  of  "  cocoa  nut  stearine  " 
the  removal  of  the  Uquid  glycerides  ("  cocoa  nut  oleine  ")  is  carried  so 
far  that  50  to  80  per  cent  are  expressed,  according  to  the  desired  melt- 
ing-point of  the  solid  product.  For  the  latter  the  author  has  proposed 
the  name^^"  Chocolate  fat "  (cp.  Chap.  XVI.).  In  the  same  manner  a 
technical  "  cocoa  nut  stearine  "  is  prepared  (fi-om  copra  oils  of  ordinary 
quality)  which  is  used  in  the  manufacture  of  composite  candles  and 
mght-lights  (cp.  Chap.  XVI.).  The  "  cocoa  nut  oleine  "  is  worked 
up  for  soap. 

The  following  numbers  have  been  ascertained  in  the  author's 
laboratory  by  Glapham,  Calderwood,  and  by  the  author  for  commercially 
prepared  samples  of  cocoa  nut  oleine,  cocoa  nut  stearine  (chocolate 
fats)  : — 
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The  quantity  of  edible  cocoa  nut  oil  (including  edible  palm  kernel 
od)  produced  a  few  years  ago  in  Europe  alone,  amounted  to  about 
10,000  tons  per  annum,i  and  rose  rapidly  to  50,000  tons.  The  re- 
muneratiyeness  of  this  manufacture  led  to  an  over-production  and 
the  flooding  of  the  market  with  inferior  qualities  (cp.  Chap  XV 
"  Vegetable  Butter  "). 

Neutral  cocoa  nut  oil  dissolves  completely  in  two  volumes  of  absolute 
alcohol  at  32°  C.  {Milliau  2).  One  volume  of  cocoa  nut  oil  dissolves 
also  m  two  volumes  of  90  per  cent  alcohol  at  60°  C.  (cp.  also  Vol.  I. 
368).  As  to  the  characteristic  crystalline  form  of  cocoa  nut  oil  crystals 
imder  the  microscope  see  "  Butter  Fat." 

Cocoa  nut  oil  resembles  palm  kernel  oil  in  its  chemical  composition  ; 
like  the  latter  it  contains  large  proportions  of  trimyristin  and  trilam-in,' 
smaller  quantities  of  tripalmitin,^  tristearin,  and  triolein,  as  also  the 
glycerides  of  the  volatile  acids  caproic,  caprylic,  and  capric.  It  is 
practically  free  fi-om  hydroxy  acids  ^  (Lewkowitsch),  and  free  from 
butyric  acid. 

The  occurrence  of  tristearin  in  recorded  here,  as  a  specimen  of 
commercial  cocoa  nut  oil  examined  in  the  author's  laboratory  yielded 
0-99  per  cent  of  stearic  acid. 

Ulzer  "  doubted  the  occurrence  of  palmitin  in  cocoa  nut  oil,  as  he 
could  not  detect  any  palmitic  acid.  In  view  of  the  fact  that  Oudemans 
did  identify  palmitic  acid,  and  of  the  further  fact  that  the  presence  of 
stearic  acid  had  been  proved  by  the  author,  this  statement  stood  in  need 
of  confirmation.  J.  J.  Reijst  «  lately  averred  that  stearin  did  not  occur 
m  cocoa  nut  oil.  The  statements  of  Ulzer  and  Reijst  have  recently 
been  shown  to.be  erroneous  by  Holler  and  Youssoufian,''  who  have 
proved,  m  an  exhaustive  examination  of  the  fatty  acids  obtained  by 
fractionation  of  the  methylesters  (Chap.  XII.),  that  both  palmitin  « 
and  stearm  occur  in  cocoa  nut  oil.  These  chemists  confirm  the  occur- 
rence of  caproic,  caprylic,  capric,  lauric,  myristic,  palmitic,  stearic,  and 
oleic  acids,  all  of  which  have  been  identified  by  their  methylesters. 
They  could  not  detect  butyric  acid,  the  absence  of  which  from  cocoa  nut 
oil  had  already  been  recognised  by  A.  Kirschner  and  by  0.  Jensen  (cp 
below).  ^' 

By  treatment  with  hydrogen  in  the  presence  of  a  catalyst  until  the 
percentage  of  oleic  acid  had  fallen  from  13  to  1,  the  melting  point  had 
risen  from  25-6  to  44-5°  C,  whereas  the  solidifying  point  had  only  risen 
from  20-4°  to  27-7°  C.  .      ^    »  r  j 

Tolman  and  Munson  obtained,  by  the  lead-salt-ether  method,  65-9 
per  cent  of  soUd  acids  ;  this  agrees  with  a  later  statement  of  Lane,^  who 

p  22 Lectures  on  Oils  and  Fats,  Uieir  Uses  and  Applications,  1904, 

2  Compl.  rend.,  1892  (]  1 5),  517. 

^  OiKlemans,  Jaurn. /.  prakt.  Chcm.,  1860  (81),  37r). 

Unpublished  experiments.  ■--  Chew.  Revue,  1899,  203. 

IM.  des  trav.  des  chim.  des  I'a.ys-bas,  1906,  xxv.  271. 

Compt.  rend.,  1906  (143),  803. 

Confirmed  also  by  K.  S.  Caldwell  and  by  W.  H.  Hurtley,  Proe.  Chem.  Soc,  1909, 

»  Journ.  Soc.  Chem.  Ind.,  1904,  1104. 
VOL.  II  9  ,,, 
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obtained  fi'om  cocoa  nut  oil,  by  treating  the  lead  salts  witb  both  cold 
and  hot  ether,  34-5  and  37-5  per  cent  of  liquid  fatty  acids  respectively. 
Of  course  the  liquid  acids  must  not  be  taken  in  this  case  to  represent 
oleic  acid,  as  the  iodine  value  of  cocoa  nut  oil  does  not  allow  for  so 
high  a  percentage  of  this  unsaturated  acid.  Indeed,  the  proportions  of 
the  liquid  acids  were  found  by  Lane  to  amount  to  22-17  and  19-52  per 
cent  respectively.  It  is  evident  that  lead  salts  of  the  volatile  acids  had 
passed  into  the  ethereal  solution. 

The  amount  of  total  volatile  fatty  acids  foimd  in  the  author's  labora- 
tory in  the  examination  of  a  number  of  cocoa  nut  oUs  has  been  given 
above  (Chap.  VIII.).  Tested  by  Polenske's  method  (see  below)  the 
author  obtained,  with  a  number  of  edible  cocoa  nut  oUs,  the  Reichert- 
Meissl  values  {i.e.  soluble  volatile  acids  by  ReicJiert-MeissVs  method) 
7-3-7-5,  whereas  the  insoluble  volatile  acids  (for  5  grms.)  required  from 
15-5-20-5  c.c.  of  decinormal  alkali.  (The  numbers  which  Polemhe  gives 
for  the  latter,  viz.  16-8-17-8,  having  been  derived  from  too  small  a 
number  of  observations  must,  therefore,  be  corrected.)  Muntz  and 
Goudon  foimd  in  four  edible  cocoa  nut  oils  from  2-26  per  cent  to  2-70 
per  cent  of  total  volatile  acids  calculated  to  butyric  acid  (as  determiued 
by  the  French  official  method,  see  Vol.  I.  Chap.  VIII.),  and  from  8-89 
per  cent  to  10-06  per  cent  of  total  insoluble  volatile  acids  (also  expressed 
in  terms  of  butyi-ic  acid).  Since  the  highest  and  lowest  values  for  the 
soluble  volatile  and  insoluble  volatile  acids  are  not  in  strict  correspond- 
ence, the  figm-es  are  given  in  detail  in  the  following  table  : — 


Edible 
Cocoa  Nut 
Oil. 

Soluble  Volatile  Acids 
in  terms  of 
Butyric  Acid,  i 

Insoluble  Volatile  Acids 
in  terras  of 
Butyric  Acid,  l 

No. 

Per  cent. 

Per  cent. 

1 

2-51 

9-63 

2 

2-49 

10-06 

3 

2-26 

9-76 

4 

2-70 

8-89 

The  same  edible  cocoa  nut  oUs,  examined  by  Muntz  and  Condon's 
method  (see  below),  gave  the  following  figures  :— 


Edible 
Cocoa  Nut 
Oil. 

Soluble  Volatile  Acids 
in  terms  of 
Butyric  Acid. 

Insoluble  Volatile  Acids 
in  terms  of 
Butyric  Acid. 

Relation  :— 
Insol.  Vol.  Acids 
SoL   Vol.  Acids  ^^""^ 

No. 
1 
2 
3 
4 

Per  cent. 
1-20 
1-23 
1-15 
1-27 

Per  cent. 
3-01 
3-38 
3-63 
3-60 

250-3 
274-4 
314-7 
282-3 

 —  ■ 

It  should,  of  course,  be  noticed  that  these  numbers  refer  only 
1  It  should  be  remembered  tliat  cocoa- mit  oil  contains  no  butyric  acid. 
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special  brands  of  edible  cocoa  nut  oil  examined,  and  do  not  apply 
generally  to  all  Idnda  of  cocoa  nut  oil. 

Segin,  wlio  attempted  to  determine  separately  the  molecular  weights 
of  the  total  volatile  acids,  of  the  soluble  volatile  acids,  and  of  the  insoluble 
volatile  acids,  found  the  following  numbers  respectively  : — IM,  163, 
156.  These  figures  agree,  as  regards  the  insoluble  volatile  acids,  with  a 
figure  which  the  author  has  derived  as  the  mean  of  a  number  of  experi- 
ments, viz.  161.  Kirschner  could  not  detect  butyric  acid  amongst  the 
volatile  acids  of  cocoa  nut  oil ;  he  found  that  caproic  acid  is  only  present 
m  small  quantities,  and  that  the  bulk  of  these  fatty  acids  consists  of 
capryhc  acid.  0.  J ensen  confirms  the  absence  of  butyric  acid,  and  gives 
as  the  numbers  of  decinormal  KOH  required  for  the  neutralisation  of 
the  volatile  acids  from  5  grms.  of  a  specimen  of  cocoa  nut  oil  (of  the 
acid  value  0,  Eeichert-Meissl  value  6-8,  and  insoluble  volatile  acid 
number  13-0  by  Polenske's  method),  the  following  amounts  of  alkali, 
for  caproic  acid  214  c.c,  capryhc  acid  20-5  c'c,  capric  31-2  c.c.  It  wiU 
be  seen  that  the  statements  of  the  two  observers  do  not  agree. 

Paulmyer  i  resolved  the  fatty  acids  of  cocoa  nut  oil  by  fractional 
distillation  m  a  current  of  steam,  into  ten  equal  fractions.  The  neutral- 
isation values  and  mean  molecular  weights  of  the  several  fractions  were 
determmed  with  the  following  result :— 


Neutralisa- 
tion 
Value.  . 

1st  Fraction 

329-4 

2nd  „ 

310-8 

3rd 

292-8 

4tii  ;, 

281-6 

5th  „ 

276-0 

6th  „ 

268-2 

7th 

261-4 

8th  „ 

245-7 

9th  „ 

230-0 

10th 

1 

207-6 

Molecular 
Weight. 


170 

180 
191 
199 
203 
209 
214 
228  ' 

244 


270 


Corresponding  to 


0-25  per  cent  Caproic  Acid, 


0-25 
9-50 

10 

20 
20 

10 
10 
4 


( 

Is 

I"  4-6 
\  5-4 


Caprylic 
Capric 
Capric 

Laurie 
Laurie 

Myristic 
Myristic 
Myristic 

Palmitic 
Palmitic 

Oleic 


CeHijOg 
CsHigOj 

^10^2002 

C10H20O, 


2 

C12H24O2 
I24O2 


Ci2HoaO, 


CijHooO, 


-'li 

C14H28O, 

^14H280. 


28^2 
2 
2 


^10^3202 
C10H32O2 

•^18132402 


According  to  this  examination  the  total  fatty  acids  of  cocoa  nut  oil 
would  seem  to  consist  of — 


0-25  per 

cent  caproic  acid. 

0-25 

caprylio  „ 

19-50 

„      capric  „ 

400 

„      laurio  „ 

24-0 

„      myristic  „ 

10-6 

„      palmitic  ,, 

5-4 

„      oleic  „ 

La  Savonnerie  marseillaise,  1907,  No.  78. 
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It  sliould,  however,  be  borne  in  mind  that  notable  quantities  of 
caproic  and  caprylic  acids  must  have  been  lost,  and  that  the  proportion 
of  these  two  acids  must  be  somewhat  higher.  It  would  further  appear 
that  the  amount  of  oleic  acid  is  too  low. 

An  investigation  carried  out  by  Elsdon,  who  fractionated  the  methyl- 
esters  prepared  by  Holler's  method  (Vol.  I.  p.  665),  led  to  the  following 
composition  : — 


Per  cent. 

Caproic  acid 

2 

Caprylic  acid  . 

9 

Capric  acid 

10 

Laurie  acid 

45 

Myristic  acid  . 

20 

Palmitic  acid 

7 

Stearic  acid 

6 

Oleic  acid 

2 

100 

•  Here  again  the  amoimt  of  oleic  acid  appears  to  be  too  low,  and  the 
stearic  acid  much  too  high. 

The  proportion  of  unsaponifiable  matter  m  cocoa  nut  oil  is  small. 
The  author  obtained  from  a  large  number  of  cocoa  nut  oils  amounts  of 
unsaponifiable  matter,  varying  fi'om  0-179  per  cent  to  0-297  per  cent.^ 
The  phytosteryl  acetate  prepared  from  the  unsaponifiable  matter 
melted  at  129-5°  C.  Siegfeld  ^  found  in  an  edible  cocoa  nut  oil  0-17 
per  cent  of  unsaponifiable  matter,  from  which  he  prepared  a  phytosterol 
which  melted,  after  the  sixth  crystallisation,  at  140-8°  to  141-8°  C. 
The  melting  point  of  the  acetate,  after  the  seventh  crystallisation,  was 
128-3°-129-3°  C.  From  another  specimen  of  cocoa  nut  oil  Siegfeld 
obtained  0-184  per  cent  of  unsaponifiable  matter,  from  which  he  isolated 
a  phytosterol  which  melted,  after  the  seventh  crystallisation,  at  140-7°- 
141-7°  C.  The  melting  point  of  the  acetate  after  the  seventh  crystal- 
Usation  was  129°-130°  C. 

Konig  and  SchluckeUer  ^  found  in  the  fat  extracted  fi-om  cocoa  nut 
cake  0-56  per  cent  of  imsaponifiable  matter,  which  consisted  almost 
entirely  of  phytosterol,  melting  at  137°  C. 

E.  Matthes  and  E.  AcJcermann  *  state  (in  a  preliminary  commumca- 
tion)  that  the  unsaponifiable  matter  of  a  specimen  of  cocoa  nut  oil 
examined  by  them  consisted  of  0-125  per  cent  of  crude  phytosterol, 
melting  at  135-140°  C,  and  of  0-025  per  cent  of  a  Uquid  substance.  The 
acetylated  crude  phytosterol  melting  from  126°-128°  C.  yielded,  on 
brominating  in  a  solution  of  ether  and  glacial  acetic  acid,  thm  crystals 
of  a  bromide  melting  fi'om  180°  to  183°  C.  From  the  filtrate  there  were 
obtained  after  boihng  down  and  recrystaUising  from  alcohol  nucro- 
crystalline  aggregates,  melting  at  132-135°  C.  (the  melting  point  of  the 
di-broniide  of  phytosterol  acetate  from  pmified  cotton  seed  oil  phyto- 
sterol), 

1  With  regard  to  the  proteins  iu  cocoa  nut  oil,  cp.  Chap.  XV.  "Vegetable  Butters." 

2  Zeits.  f.  Unlers.  d.  Nahrgs-  u.  Genussm.,  1904,  581. 

3  Ibid.,  1908  (XV.),  642.  •*  1908,  2000. 
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The  "  titer  test  "  of  the  fatty  acids  of  cocoa  nut  oil  varies  according 
to  the  amount  of  washing  given  to  the  fatty  acids  iu  the  course  of  their 
preparation.  Thus  a  sample  of  cocoa  nut  oil,  the  fatty  acids  of  which 
were  washed  as  described  in  Vol.  I.  Chap.  III.,  had  the  titer  test  of 
22°  C,  whereas  by  washing  with  briae,  iu  which  the  volatile  fatty  acids 
are  less  soluble  than  in  water,  a  titer  test  of  21°  C.  was  obtained.  The 
respective  mean  molecular  weights,  calculated  from  the  neutralisation 
values  261-4  and  267-7,  were  m  the  same  order,  214-6  and  209-5. 

In  the  valuation  of  cocoa  nut  oU  for  soap-making,  due  regard  must 
therefore  be  paid  to  the  manner  in  which  the  fatty  acids  are  prepared 
for  the  titer  test. 

Cocoa  nut  oU  is  used  in  enormous  quantities  in  the  manufactm-e  of 
soaps,  made  by  the  boiling  process  as  also  by  the  cold  process.  It  is 
also  used  extensively  as  a  vegetable  butter  and  as  a  chocolate  fat  (see 
Vol.  III.  Chap.  XV.).  Its  use  for  batching  jute  after  it  has  been  boiled 
with  caustic  alkali  has  been  patented.^ 

In  the  German  colonies  cocoa  nut  oU  has  been  proposed  as  a  fuel  for 
driving  Diesel  motors.  Cocoa  nut  oil  is  also  used  in  the  manufacture 
of  a  sulphonated  oil  similar  to  Turkey  red  oU.  Its  use  as  a  solvent  for 
ozone  has  also  been  patented. 

Cocoa  nut  oil  is  not  adulterated  with  other  fats,  at  any  rate  this 
holds  good  for  the  oil  imported  into  England.  Nevertheless,  if  the 
prices  are  high  (as  was  the  case  in  1907),  the  inducement  to  adulterate 
cocoa  nut  oil  may  present  itself.  Milliau  states  that  cocoa  nut  oil  is 
being  adulterated  with  sesame  oil,  cotton  seed  oil,  etc.  The  colom- 
reactions  which  he  proposes  for  their  detection  are  not  required,  as  the 
usual  tests,  such  as  saponification  value,  iodine  value,  etc.,  readily  reveal 
any  adulteration  that  may  have  been  practised.  A  method  for  the 
detection  of  arachis  oil  in  cocoa  nut  oil  is  given  by  Muntz  Paulmyer  and 
Rivals?'  As  these  methods  offer  no  advantage  over  the  Renarcl  test 
cp.  "  Arachis  Oil,"  p.  310,  the  reader  must  be  referred  to  the  original 
pubhcation.  Owing  to  the  great  similarity  of  cocoa  nut  oil  to  palm 
kernel  oil,  and  the  other  oils  of  the  cocoa  nut  oil  group,  the  detection  of 
palm  kernel  oil  in  cocoa  nut  oil,  and  vice  versa,  is  a  very  difficult  problern, 
requiring  extended  research.  Since  cocoa  nut  oil  and  palm  kernel  oil 
have  nearly  the  same  price,  and  since  the  uses  they  are  put  to  are  practic- 
ally identical,  the  examination  of  cocoa  nut  oil  for  admixtm-es  with  palm 
kernel  oil,  and  vice  versa,  is  but  rarely  required.  This  problem  may 
assume  importance  in  the  examination  of  edible  fats  with  a  view  to 
ascertaining  their  origin,  as  the  properties  of  palm  kernel  oil  and  cocoa 
nut  oil  differ  somewhat.  It  should  be  pointed  out  that  attempts  are 
made  to  impart  to  edible  cocoa  nut  oil  a  more  desirable  consistence  by 
adding  paraffin  wax,  or  heavy  paraffin  oil.  This  addition  is  easily 
detected  by  determining  the  amount  of  unsaponifiable  matter  (cp.  also 
"Margarine,"  Vol.  III.  Chap.  XV.).  Arnold^  found  recently  in  an 
edible  cocoa  nut  oU  (or  palm  kernel  oU)  3-9  per  cent  of  unsapomfiable 

'  GeniiiUi  patent  184,786. 
^  Lcs  Corps  f/ras  indus.,  1909,  178. 
"  Xeils.f.  UiUen:  d.  Nahnjs-  u.  Genussm.,  1908  (.vv.),  280. 
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matter,  which  consisted  of  a  viscous,  yellow  liquid  showing  in  the 
butyro-refractometer  at  40°  C.  74-4  "  degrees,"  having  the  saponification 
value  nil,  and  the  iodine  value  2-65.  For  the  detection  of  cocoa  nut  oil 
in  butter,  cp.  "  Butter  Fat." 

In  the  present  state  of  our  knowledge,  it  is  impossible  to  detect  with 
any  degree  of  accuracy  palm  kernel  oil  in  admixture  with  cocoa  nut  oil. 
Burnett  and  Revis  propose  a  method  based  on  the  temperature  at  which 
alcoholic  solutions  of  the  barium  salts  of  the  insoluble  volatile  fatty 
acids  become  tm'bid.  They  state  that  the  turbidity  temperatures  for 
cocoa  nut  and  palm  kernel  oils  are  52-5°  C.  and  68-5°  C.  respectively. 

(*)  The  fat  from  Gocos  acrocomoides,  Dr.,  from  Brazil  was  examined 
by  Niederstadt?-  Its  iodine  value  was  4-8  and  the  saponification  value 
292-8.  The  exceedingly  high  saponification  value  was  probably  due  to 
the  rancid  state  of  the  specimen,  as  its  acid  value  was  131. 

The  Reichert-Meissl  value  of  the  sample  was  not  determined  ;  most 
likely  it  would  have  approximated  that  of  the  other  fats  belonging  to 
the  cocoa  nut  oil  group. 


(j)  TONKA  BUTTER 

This  fat  is  stated  to  be  derived  from  the  tonka  bean  from  Dipteryx 
odorata,  Willd.,  Coumarouna  excelsa,  Aubl.,  a  tree  growing  in  the  forests 
of  Guyana.  The  seeds  are  the  tonka-beans  of  commerce.  The  tree 
belongs  to  the  Papilionacece,  whereas  all  the  preceding  fats  of  the  cocoa 
nut  oil  group  are  derived  from  palms.  Nevertheless  the  fat  would  also 
appear  to  belong  to  the  cocoa  nut  oil  group,  on  account  of  its  high 
saponification  value  in  association  with  a  high  Reichert-Meissl  value. 

The  following  characteristics  were  ascertained  by  Duyk  ^  : — 


Specific  gravity  at  100°  C.       .         .         .         .  0-888 

Melting  point      .         .         .         .         .         .      28°  C. 

Saponification  value      .....  257 

Reichert-Meissl  value     .         .         .         .         .  6-4 

Butyro-refractometer,  "  degrees "       .         .  .47 
Critical  temperature  of  dissolution      .         .         .      32-5°  C. 


This  fat  is  becoming  an  article  of  commercial  importance  in  the 
West  Indies,  and  is  said  to  be  used  there  for  flavouring  dietetic  articles. 

^  BericliU  d.  Deutsch.  Pharm.  Oes.,  1902,  144. 
^  liejxrt.  Pharm.,  1908,  193. 
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JAPAN  wax/  japan  TALLOW 

French — Cire  du  J apon  ;  suif  vegetal  vert.    German — J apanwachs, 
Sumachwachs,  Japantalg.  Italian — Cera  giapponesa. 

For  table  of  characteristics  see  pp.  652,  653. 

Japan  wax  is  obtained  from  the  berries  of  several  species  of  the 
sumach  tree,  viz. — Rhus  ^  succedanea,  L.,  R.  acuminata,  D.  C,  R.  verni- 
cifera,  D.  C.  (known  in  Japan  as  Urushi-nohi),  R.  sylvestris,  Sieb.  et 
Zucc.  The  first  three  species  grow  chiefly  in  China,  the  last  named  one 
flourishes  especially  in  the  western  provinces  of  Japan.  R.  succedanea 
occiu'S  also  in  Indo-China  (Tonkin,  North  Annam,  Cambodja)  and  in 
India  (Sikkim,  Nepal,  Butan,  and  Kashmir).  In  China,  Japan,  and 
Tonkin  the  trees  are  grown  chiefly  for  the  sake  of  the  lacquer  they  exude. 
The  Japan  wax  is  a  by-product  of  the  lacquer  industry,  and  is  only 
prepared  in  India  and  China. 

The  following  data,  due  to  Rein,^  show  the  difference  between  the 
berries  of  Rhus  succedanea  and  Rhus  vernicifera  : — 

Rhus  sitccedanea.       Rhus  vernicifera. 
100  benies  weigh     .       .       .       8-75  gr.  12-80  gr. 

The  epidermis  forms         .       .       5-7  per  cent  4-7  per  cent 

The  mesocarp     „  .       •     39-3      „  42-4  ,, 

The  endocarp     „  .       .      55-0      „  52-9 

Japan  tallow  (by  extraction  with 

ether)       ....     24-2       „  27-0 

The  seed  consists  of  a  small  kernel  surrounded  by  a  greenish, 
striated,  shrivelled  mass.  In  China  the  fatty  matter  is  prepared  in 
the  same  manner  as  mou-ieou  (see  "  Vegetable  Tallow  of  China,"  p.  592). 
From  48  kilos,  of  seed  5-7  kUos.  of  the  wax  (known  in  China  under 
the  name  Tsi-la,  i.e.  wax  of  Tsi)  are  obtained. 

The  manufacture  of  Japan  wax  is  carried  out  in  a  somewhat  crude 
fashion,  by  storing  the  berries  in  straw  until  they  have  fully  matured, 
then  crushing  them  by  hand  in  a  wooden,  funnel-shaped  trough,  and 
winnowing  them  so  as  to  separate  the  kernels.  The  powdered  mass 
thus  obtained  is  put  into  hempen  sacks,  and  then  subjected  to  pressm-e 
in  wooden  wedge  presses. 

With  the  growing  demand  for  Japan  wax  the  aim  has  been  to  mcrease 
the  output ;  this  is  accomplished  by  mixing  the  press  residue,  or  even 
the  ground  berries,  with  a  certain  proportion  (usually  10  per  cent)  of 
the  kernel  oU,  haze-kernel  oil  {haze  is  the  Japanese  term  for  Rhus  suc- 
cedanea).^   This  practice  has  been  on  the  increase  dui-ing  the  last  few 

'  Not  to  be  confouuded  with  Japanese  beeswax. 

2  The  oU  from  Rhus  glabra  has  beeu  described  above,  table  facmg  p.  404. 

^  Industries  of  Japan,  1889,  p.  161. 

*  Private  communication  from  Tsujimoto. 
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years ;  therefore  the  discrepancies  in  the  iodine  values  recorded  in  the 
table  of  characteristics  are  readily  explained.  The  samples  analysed  by 
Hubl  and  by  Lewkowitsch  date  back  some  decades.  Those  commercial 
samples  which  have  higher  iodine  values  undoubtedly  contained  some 
kernel  oil.  Since  perilla  oil  has  a  very  high  iodine  value,  it  is  evident 
that  a  small  quantity  only  is  required  to  raise  the  iodine  value  of  a 
commercial  specimen. 

The  berries  yield  from  15  to  25  per  cent  of  a  coarse,  greenish,  tallow- 
like mass.  This  is  refined  by  remelting,  pressing  through  cotton 
sacks,  and  allowing  the  fat  to  drop  into  cold  water.  The  thin  flakes  of 
wax  are  then  bleached  by  exposure  to  the  sun  in  shallow  baskets  (in  a 
similar  manner  as  is  done  in  the  process  of  bleaching  beeswax),  the 
material  being  frequently  turned  over,  and  sprinkled  with  water.  Finally 
the  wax  is  melted  and  cast  into  slabs.  In  this  form  (termed  in  Japan 
Ki-yu)  it  is  exported  to  Europe.^ 

The  chief  market  for  Japan  wax  is  Kobe.  In  this  town  and  in 
Osaka  the  three  most  important  refineries  are  situated.  It  is  stated 
that  an  average  harvest  yields  about  2400  tons  of  crude  wax.  Older 
statistics,  of  the  years  1900, 1901, 1902  give  the  quantities  of  Japan  wax 
exported  as  222,  240,  252  tons  respectively.  According  to  the  latest 
statistical  data  of  the  Japanese  Government  the  following  quantities 
were  exported  in  the  years  1905,  1906,  and  1912  : — 


Year. 

Total. 

Exports  to 

Quantity. 

Value. 

Hongkong. 

England. 

Germany. 

America. 

Manila. 

Kin. 

Yen. 

Kin. 

Kin. 

Kin. 

Kin. 

Kin. 

1905  . 

3,158,188 

804,299 

838,430 

365,301 

471,970 

691,555 

56,343 

1906  . 

3,913,626 

1,092,447 

917,651 

496,692 

797,141 

812,218 

118,667 

1912  . 

5,2.38,627 

1,142,623 

327,121 

986,484 

990,137 

1,532,596 

95,333 

(1  kin  =  600  grms.  ;  1  yen  =  2s.  O^d.) 


It  is  hardly  to  be  expected  that  the  production  of  Japan  wax  can  be 
largely  extended,  for  it  takes  seven  to  eight  years  for  the  wax  tree  to 
reach  maturity,  and  if  the  tree  promises  to  be  a  fruitful  source  of  lacquer, 
this  leads  to  its  sacrifice  as  a  source  of  wax. 

The  exported  Japan  wax  is  a  pale  yellow,  hard  substance,  of  con- 
choidal,  somewhat  lustrous  fracture.  It  has  a  wax-like  consistence, 
and  can  be  easily  kneaded  between  the  fingers.  Its  odour  recalls  that, 
of  tallow  and  beeswax. 

On  keeping,  Japan  wax  turns  deep  yellow,  and  becomes  coated  with 
a  white  powder  consisting  of  microscopical  prismatic  needles.  Under 
the  microscope  Japan  wax  exhibits  a  crystalline  structure. 

'  In  Europe  it  is  sometimes  termed  "Terlia"  (qi.  "Prima"  and  "Seiunida" 
"Vegetable  Tallow  of  China  "). 
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Physical  and  Chemical  Char acf eristics  of  ihe  InsohUe  Fatty  Acids 


Insoluble  Acids 
+  Unsaponirtable. 

Specifio  Gravity. 

Solidifying  Point. 

Molting  Point. 

Mean  Mol.  Weiglit. 

Per 
cent. 

Observer. 

At  iis°-on°  c. 

(Water 
15-5  =  1.) 

Observer. 

'G. 

Observer. 

°C. 

Ob.sorver. 

Observer. 

89 -8 

90-62- 
90-66 

Lewko- 

witscli 
Geitel  and 

van  der 

Want 

0-848 

Allen 

5.3-0-56-5 

Allen 

59-62 
54-56 

liber- 
hard  t 

Pari-y  ^ 

257-6 
262- 
263 

Harris  - 
Geitel 
and 
van  der 
Want 

Titer  Test. 

58-8-59-4 

Lewko- 
witscli 

The  numbers  for  the  specific  gravity  recorded  in  the  table  vary 
considerably  ;  this  is  no  doubt  due  to  the  samples  having  been  derived 
from  different  sources. 

Kleinstuck^  determined  the  specific  gra-nty  of  several  samples  of 
Japan  wax  at  different  temperatures,  and  states  that  its  density  is 
equal  to  that  of  water  at  16°-18°  C. ;  below  16°  C.  it  is  heavier,  and 
above  18°  C.  lighter  than  water.  Japan  wax  which  has  been  freshly 
melted  has  a  higher  specific  gravity  than  the  normal  one,  the  density 
only  becoming  normal  after  keeping  for  some  time.  This  phenomenon 
is  due  to  the  coefficient  of  expansion  of  Japan  wax  being  higher  than 
that  of  water,  as  is  shown  in  the  following  table  due  to  Kleinstuch  : — 


Specific  Gravity  of  Japan  Wax  compared  with  that  of  Water 


•Tapan  Wax. 

Temperature. 
"C. 

Water. 

Kept  for  sonic 

Freshly 

time. 

melted. 

4 

1-00000 

6-5 

1  00237 

0-99995 

7-2 

1-00737 

0-99991 

17-0 

0-99J23 

0  99884 

17-5 

0 -99840 

0-99875 

23-0 

0-98747 

0-99762 

26-5 

0-98615 

0-98683 

0-99674 

•  Samples,  Chemist  and  /jrii;/r/igl,  1905,  34. 

^  Determined  in  the  author's  laboratory  ;  the  fatty  acid.s  had  been  previously  freed 
from  nnsaponifiable  matter.  This  specimen  of  Japan  wax  contained  Tl  per  cent  of 
un.saponifiable  matter. 

3  Journ.  Soc.  Ohem.  Ind.,  1890,  1072. 
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The  melting  points  recorded  in  the  table  vary  considerably. 
Rouber's  ^  statement  that  Japan  wax  has  two  melting  points,  inasmuch 
as  a  specimen  of  the  normal  melting  point  melted  at  42°  C.  immediately 
after  soHdification,  is  due  to  the  phenomenon  described  in  Chap.  I. 
Eberhardt  also  found  that  a  specimen  of  the  melting  point  53°  C.  melted 
at  48°-4:9°  0.  after  rapid  coohng. 

Japan  wax  is  insoluble  in  cold  alcohol,  but  dissolves  readily  in 
boiling  alcohol,  separating  on  cooling  almost  completely  as  a  granular, 
crystalline  mass.  Like  all  other  fats  it  dissolves  easily  in  ether,  benzene, 
and  petroleum  ether.  The  following  amounts  of  unsaponifiable  matter 
were  found  : — 

Unsaponifiable.  Observer. 
Per  cent. 

.         .         .  Allen  and  Thomson 

1-1  ...  Harris  2 

1-48-1-63         .         .         •  Geitel  and  v.  der  Want 

0-68  .         •         •  Mattlies  and  Heintz 

In  a  10  per  cent  chloroform  solution  Japan  wax  proved  to  be  optically 
inactive.^ 

Japan  wax  consists  chiefly  of  palmitin  and  free  palmitic  acid. 
Besides  these  constituents,  it  also  contains  small  quantities  of  dibasic 
acids  (see  Vol.  I.  Chap.  III.)  and  of  soluble  acids.*  Geitel  and  v.  der 
Want  found  4.66-5-96  per  cent  of  soluble  acids.  Stearic  and  arachidic 
acids,  previously  stated  to  occur  in  Japan  wax,  could  not  be  detected 
by  Geitel  and  v.  der  Want.  On  distilHng  the  insoluble  Japan  wax  fatty 
acids,  first  under  a  pressm-e  of  15  mm.  up  to  250°  C,  to  remove  the  bulk 
of  pa'bnitic  acid,  then  purifying  the  residue  by  crystaUising  it  from  75 
per  cent  alcohol  and  fractionating  the  recrystaUised  product  m  the 
vacuum  of  the  cathode  Ught,  the  remainder  of  the  pahnitic  acid  distils 
over  at  135°-180°  C.  The  higher  fractions  obtained  subsequently  were 
found  to  consist  chiefly  of  japanic  acid,  which  was  accompanied  by 
smaller  quantities  of  its  lower  homologues,  Ci9H3e04  and  C20H36O4. 
These  acids  were  identified  by  the  composition  of  the  hydrocarbons 
obtained  from  them  (see  Vol.  I.  Chap.  III.).  1000  grms.  of  Japan  wax 
yielded  about  6-7  grms.  of  mixed  dibasic  acids.^  The  dibasic  acids 
very  Ukely  occur  as  mixed  glycerides  (Geitel) ;  as  an  example  may  be 
given  the  formula  of  the  mixed  glyceride  that  would  be  formed  by  the 
combination  of  japanic  and  palmitic  acids  with  glycerol  :— 

C  H  \ 
C„H3iO.O/ 

By  using  Haller's  method  of  "  methanolysis,"  Tassilly  isolated 

1  Journ.  de  Pharm.,  1872  (4),  16,  20. 

2  Determined  in  the  author's  laboratory. 

!  Z^^!tZ'e>^'''^''^^^  opinion  that  the  soluble^  acids  consist  in  the  main  of 
isobutyric  acid  ;  tliis  stands,  however,  in  need  of  confirmation. 
0  Schaal,  Berichle,  1907,  4786. 
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pelargonic  acid  and  an  acid  of  the  suggested  formula  C15H30O2.  Traces 
of  stearic  and  oleic  acid  were  also  detected. 

An  exhaustive  examination  by  Matthes  and  Heintz  ^  showed  that 
the  unsaponifiable  matter  contained  besides  a  phytosterol,  melting  at 
139°  C.  (having  [aj^  =  -  22-11°  and  absorbing  61-81  per  cent  of  iodine), 
ceryl  alcohol,  mehssyl  (myricyl)  alcohol,  a  saturated  alcohol,  melting 
at  65°  C.  (probably  CjgH^oO)  a  liquid  portion,  which  on  fractionation 
in  vacuo  gave  the  results  collated  in  the  following  table  : — 


Fraction. 

Boiling  at  15 
mm.  pressure. 

-c. 

Consistence. 

Iodine 
Value. 

Phytosterol 

Colour 
Reaction. 

1 
2 

100-130 
130-185 

Mobile,  colourless  oil 
Viscous,  almost  colourless 

oil 
Semisolid 

Viscous,  yellowish  brown 
oil 

Viscous,  brown  oU,  partly 
decomposed 

23-82 
34-44 

1-4326 
1-4461 

Positive 
Positive 

3 
4 

185-285 
285-300 

5i'81 

1-4596 

Positive 
Positive 

5 

300-315 

146-4 

1-4966 

Fraction  3  yielded  on  crystalhsation  from  petroleum  ether  a  crystal- 
line acohol  melting  at  65°  C,  which  no  longer  exhibited  the  phytosterol 
colour  reaction,  and  gave  an  acetate  melting  at  41°  C.  The  acohol  is 
saturated,  and  yields  proportions  of  carbon  and  hydrogen  corresponding 
best  to  the  formula,  C19H40O2.  (The  uneven  number  of  carbon  atoms 
would,  however,  suggest  the  formula  C20H42O.)  The  oily  substance 
which  remamed  dissolved  in  the  petroleum  ether  solution  had  iodine 
value  44-66  and      =  1-4677. 

The  amounts  of  free  fatty  acids  in  commercial  samples  vary  con- 
siderably, as  is  shown  in  the  following  table  : — 


Tree  Fatty  Acids 
Per  cent. 

9-13 

3-87 

8-  96 
903 

12-72 

9-  40 
10-9-16-4 


Observer. 
Hiibl 

Nordlinger 
AUen 


Harris  ^ 

Geitol  and  v.  der  Want 


Commercial  Japan  wax  contains  from  0-02  to  0-08  per  cent  of  ash. 

J apan  wax  is  readily  distinguished  fi-om  true  waxes  by  its  saponifica- 
tion value,  and  by  its  yielding  glycerol  on  saponification ;  hence  the 
name  Japan  tallow  would  appear  to  be  preferable.  Its  detection  in 
beeswax  will  be  described  under  "  Beeswax." 

Adulteration  of  Japan  wax  with  other  fats  is  easily  detected.  The 

*  Archiv  der  Pharm..,  1909  (247),  650. 
^  Determined  in  the  author's  laboratory. 
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presence  of  tallow  will  be  indicated  by  a  low  melting  point  and  a  high 
iodine  absorption  of  the  sample. 

Commercial  Japan  wax  is  frequently  adulterated  with  fi'om  15  to  30 
per  cent  of  water.^  La  Wall  ^  found  in  a  number  of  commercial  samples 
starch  to  the  extent  of  20-25  per  cent.  On  treating  the  adulterated 
wax  with  a  solvent  (Vol.  I.)  the  fat  only  is  dissolved.  A  rapid  method 
to  detect  starch  qualitatively  is  to  moisten  a  freshly  cut  surface  with 
iodine  solution. 

Japan  wax  is  largely  used  for  waxing  floors,  and  as  a  constituent  of 
polishes.  Like  beeswax  and  other  animal  waxes  it  forms  an  emulsion 
with  water,  and  is  therefore  used  for  cma-ying  leather.^  The  difficulties 
which  Japan  wax  fatty  acids  offer  to  their  application  as  candle  material 
have  not  yet  been  overcome. 


MYRTLE  WAX,  LAUREL  WAX,  BAYBERRY  TALLOW 

French — Gire  de  Myrica.  German — Myrtenwachs,  Myricawachs. 
Italian — Cera  mirica. 

For  table  of  characteristics  see  p.  658. 

Myrtle  wax  is  obtained  from  the  berries  of  various  species  of  Myrica. 
In  North  America,  where  the  Myrica  shrubs  are  common  along  the 
Atlantic  sea-coast,  the  myrtle  wax  is  obtained  from  Myrica  cerifera,  L., 
and  Myrica  carolinensis,  WiUd.  In  South  America,  notably  in  New 
Granada  and  Venezuela,  it  is  obtained  from  Myrica  arguta,  Kunth,  and 
Myrica  caracassana,  Humb.,  Bonpl.,  et  K.,  and  in  South  Africa  (Cape 
Colony  from  M.  quercifoUa,  L.,  M.  cordifolia,  L.,  M.  laciniata,  WOld., 
and  M.  serrata,  Lam.  In  Abyssinia  myrtle  wax  is  obtained  fr'om  M. 
ethiopica,  L. 

The  wax  from  the  fr'uits  of  the  Mexican  plant  Myrica  jalapensis 
("  arbol  de  la  cera  "),  occurring  in  dense  thickets  covering  considerable 
areas  in  Vera  Cruz  (from  Jalapa  to  Tulancingo  and  Hausteca),  is 
collected  by  Indians  and  marketed  in  Mexico  City,  where  it  is  used  for 
candle-making. 

The  myrica  fruits  are  of  the  size  of  a  pea,  and  are  covered  with  a 
snow-white  crust  of  fat,  which  is  permeated  with  brown  or  black  spots. 

The  method  of  preparing  the  wax  is  a  very  primitive  one,  and  consists 
in  boiliAg  the  berries  in  water,  when  the  melted  fat  rises  to  the  top. 
This  is  skimmed  off,  poured  into  shallow  vessels,  and  crudely  pmified  by 
remelting  over  water.  One  shrub  furnishes  10-15  Idlos.  of  berries, 
yielding  on  a  practical  scale  about  20  per  cent  of  myrtle  wax.  The 

1  Wimmel,  Zeit.  d.  bst.  Apotliekervereins,  1867,  v.  350. 

2  Journ.  Soc.  Chem.  Ind.,  1897,  247.  '''  Ibid.,  1898,  14. 

lu  the  Bull.  Imp.  InsL,  1906,  301,  the  statement  was  made  that  no  proper 
organisation  exists  as  yet  for  collecting  the  myrtle  berries  in  Cape  Colony.  Since 
then  tlie  Cape  Government  has  leased  the  Crown  lands  on  which  the  berries  used  to  be 
collected.  The  result  has  not,  however,  so  far  been  satisfactory,  and  the  quantities 
exported  have  decreased. 
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commercial  myi'tle  wax  has  a  green  colour  (due  to  chlorophyll  ?) ;  on 
exposui'e  to  the  air  the  uppermost  layers  are  bleached  to  a  whitish  mass. 

Smith  and  Wade  ^  confirmed  Chittenden  and  Smith's  ^  earlier  state- 
ment that  the  m^a'tle  wax  fatty  acids  consist  chiefly  of  palmitic  acid. 
By  recrystaUisiug  myrtle  wax  four  times  from  petroleum  ether,  Smith, 
and  Wade  obtained  pure  palmitin  of  the  melting  point  62-5°  C,  saponifi- 
cation value  2094,  and  refi-active  index  1-4:380  at  80°  C.  They  further 
showed  that  by  following  Hehner  and  Mitchell's  method  no  stearic  acid 
was  obtained.  Judging  from  the  low  iodine  value,  only  small  propor- 
tions of  olein  can  be  present. 

Smith  and  Wade  observed  notable  changes  in  the  melting  point ; 
in  the  course  of  four  months  there  occm-red  a  rise  of  4-45°  G.  in  the 
melting  point.  This  phenomenon  may  be  explained  by  the  freshly 
melted  palmitin  having  been  converted,  on  standing,  into  its  crystalline 
form  (cp.  Chap.  I.). 

The  acid  values  of  two  specimens  of  myrtle  wax  examined  by  Deering 
were  3  and  44.  The  acid  value  of  the  specimen  examined  in  the  author's 
laboratory  was  3-6.  The  amount  of  unsaponifiable  matter  found  by 
Cocking  ^  was  2-51  per  cent. 

Myrtle  wax  worked  up  by  itself  does  not  yield  useful  candles  ;  it  can, 
however,  be  employed  in  a  proportion  of  20-25  per  cent  as  an  addition 
to  other  candle  material.  In  the  United  States  "beeswax"  candles 
are  made  which  contain  a  notable  amount  of  myrtle  wax.  Myrtle  wax 
should  prove  useful  in  the  manufactm-e  of  soap.  In  this  connection  it 
may  be  mentioned  that  Chevreul  first  prepared  myrtle  wax  soap  on  a 
laboratory  scale. 

'  Jmirn.  Amer.  Chem.  Soc,  1903,  629. 

2  Amer.  Chem.  Journ.,  1884  (6),  217;  Bull.  Imp.  Inst.,  1906,  365. 
^  Chemist  and  Druggist,  1908,  74. 
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Dika  Fat  Group 


(a)  DIKA  PAT,  DIKA  BUTTER,  DIKA  OIL,   OBA  OIL,  WILD  MANGO  OIL 

French — Beurre  de  diJca  (etc.).  German — Dikafeti. 
Italian — Sego  di  dika. 

For  table  of  characteristics  see  p.  660. 

Dika  fat  is  obtained  from  the  seed-kernels  of  various  kinds  of  Irvingia 
(I.  gabonensis,  Aubry-Lecomte  ;  I.  Barteri,  Hook.  fil.).  (Baill.)  Also 
Mangifera  gabonensis  is  recorded  in  the  literatm-e  as  a  tree  yielding  dika 
fat,  but  it  appears  that  Mangifera  gabonensis  is  identical  with  Irvingia 
gabonensis.  These  trees,  belonging  to  the  Irvingia  family,  are  indigenous 
to  the  West  Coast  of  Africa,  from  Sierra  Leone  to  Gaboon.  They  are 
termed  by  the  natives  "  udika,"  "  dika,"  "  dita,"  and  "  oba."  The 
fruits  are  known  in  Gaboon  as  "  iba." 

The  natives  remove  the  shell,  grind  the  kernels  in  their  fresh  state 
with  a  Uttle  water,  pepper,  and  salt,  and  work  them  up  into  cakes. 
These  cakes  form  a  staple  article  of  food  amongst  the  natives  ;  they  are 
known  under  the  name  "  dika  bread,"  ^  "  dika  chocolate,"  or  "  gaboon 
chocolate." 

Another  way  of  preserving  the  kernels  is  to  crack  the  nuts  and  dry 
the  kernels,  which  split  readily  into  halves,  in  the  sim.  These  sun-dried 
kernels  can  be  kept  for  a  long  time  without  undergoing  deterioration. 

By  boUing  the  kernels  with  water  and  skimming  ofE  the  oily  layer 
the  natives  obtain  their  dika  butter. 

The  author  ^  examined  a  considerable  quantity  of  both  nuts  and 
sun-dried  kernels.  The  seeds  were  stated  to  be  those  of  Irvingia  Barteri, 
Hooker,  and  were  sent  from  South  Nigeria  to  the  Imperial  Institute. 
The  nuts  were  in  so  advanced  a  state  of  mouldiness  that  it  was  useless 
to  extract  the  fat  from  them.  Sound  nuts  are  stated  to  yield  from  18 
to  20  per  cent  of  kernels. 

The  sun-dried  kernels  contained  54-3  per  cent  of  fat.  This  fat  was 
in  a  comparatively  fresh  state,  as  the  percentage  of  free  fatty  acids 
amounted  to  3-35  per  cent  only. 

The  numbers  found  in  the  examination  of  this  sample  (I.)  are  collated 
with  those  of  two  other  samples  (II.  and  III.  ),3  which  contained  respec- 
tively 6-3  and  0-9  per  cent  of  free  fatty  acids.  The  kernels  used  for  the 
preparation  of  fats  II.  and  III.  yielded  respectively  60-1  and  66-3  per 
cent  of  fat. 

'  An  examination  and  illustration  of  "dika  lircnd"  is  publislied  by  Dr.  E.  Heclcel, 
2«  M6)noire  des  Annales  ilu  Musce  el,  da  I'lnstUiU  colviual  de  iMarscille  ;  cp.  also  Bull. 
Imp.  InsL,  1904  (iv.),  No.  1.  A  "diiai  bread  "  is  also  prepared  from  tlie  roasted  seeds 
by  mixing  them  with  those  of  Fegimaura  africana,  Pierre,  and  of  I'cntadcthra  macro- 
phylla,  Beiith.  (see  "Owala  Oil,"  p.  242).  Drabble,  quo,rl.  Journ.  Iml.  Comm.  Research 
tn  the  Tropics,  1908,  20.  Analyst,  1905,  394. 

•>  Bull.  Imp.  Inst.,  1909,  373. 
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No  stearic  acid  could  be  detected  (LewJcowitsch). 

The  iodine  value  is  much  lower  than  the  one  given  by  Dietench 
— viz.  30-9-31 -3.  Since  Dieterich  ■  also  records  a  low  melting  point — 
viz.  29° — he  evidently  did  not  have  genuine  dika  fat  in  his  hands.  The 
iodine  number  found  by  the  author  is  in  good  agreement  with 
Oudemans'  ^  statement  that  dika  fat  consists  of  lauxin  and  myristin  only, 
to  the  exclusion  of  olein.  It  shoidd,  however,  be  mentioned  that  the 
absence  of  olein  was  only  inferred  by  him  from  the  fact  that  no  ether- 
soluble  calcium  salt  could  be  obtained.  HecJcel  confirmed  Oudemans 
in  that  he  could  not  obtain  an  ether  soluble  lead  salt ;  but,  of  course, 
this  cannot  be  taken  as  proof  for  the  absence  of  oleic  acid. 

The  absence  of  stearic  acid,  the  low  mean  molecular  weight  of  the 
total  fatty  acids,  and  the  somewhat  large  quantity  of  insoluble  volatile 
acids  obtained  in  the  Reichert-Wollny  test,  confirm  in  the  main  the  com- 
position given  by  Oudemans.  A  small  proportion  of  oleine  must,  how- 
ever, be  allowed.  Since  Oudemans  showed  by  careful  examination  that 
palmitic  acid  is  absent,  the  fat  may  be  taken  as  consisting  of  myristin, 
laurin,  and  a  few  per  cent  of  olein. 

Dika  fat  has  not  yet  been  prepared  on  a  manufacturing  scale,  the 
difl&culty  of  importing  the  sun-dried  kernels  being  still  greater  than 
that  of  importing  palm  kernels.  The  fat  would  be  useful  for  the  soap 
and  candle  industries,  and  might  also  prove  suitable  for  edible  purposes. 
Indeed,  Sachs  ^  states  that  it  is  used  as  a  "  chocolate  fat." 


(6)  TANGKALLAK  FAT,  TANGKALLAH  FAT 

French — Suif  de  Tanghallah.  German — Tangkallakfett. 
Italian — Burro  di  tanghallah. 

For  table  of  characteristics  see  p.  663. 

This  fat  is  obtained  from  the  fruits  of  Lepidadenia  Wightiana,  Nees, 
Bl.  (GyUcodaphne  sebifera,  Cylicodaphne  Litscea,  BL,  Telranthera  calo- 
phylla,  Miquel,  T.  laurifoUa,  Jacq.,  Litsaia  sebifera,  Pers.,  Sebifera 
glutinosa.  Lour.),  a  tree  indigenous  to  Western  Java,  and  at  present 
common  in  Indo-China.  It  is  also  found  in  Reunion  under  the  name 
bois  d'oiseau. 

The  statements  occurring  in  the  literature  regarding  the  chemistry 
of  tangkallak  fat  are  conflicting,  and  it  would  therefore  appear  that 
the  several  observers  who  have  published  notes  on  this  fat,  examined 
specimens  from  different  species  of  plants.  Van  Gorhom  ^  stated  that 
the  fat  consists  of  15  per  cent  of  olein  and  85  per  cent  of  lamin.  This 
was  confirmed  by  Oudemans.'^   Later  Greshoff^  found  in  the  fleshy 

•  Jmi,rn.f.prakl.  Chem.,  81,  356. 

2  Chem.  Revue,  1908,  9. 

3  mu.  Tijdschr.  Ned.  Ind.,  1858  (xviii.),  '110. 

Zeitschr.f.  Chem.,  1867,  256.  "  Teysmannia,  1890  (1),  127. 
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part  of  the  fruit  of  a  Cylicodafhne  36-5  per  cent  of  a  fat,  melting  at 
37°  C,  and  in  the  seeds  52  per  cent  of  a  fat  of  the  melting  point  44°  C. 
Sach,^  by  extracting  the  seeds  with  ether,  found  47-3  per  cent  of  a  fat 
which  yielded  by  repeated  crystallisation  from  alcohol  a  glyceride 
melting  at  45°  C.  This  was  judged  by  Sach  to  be  pure  trilaurin.  From 
the  data  given  by  him,  the  author  calculates  the  iodine  value  of  the  fat 
to  be  11-54,  which  agrees  fairly  with  his  statement  that  tangkallak  fat 
contains  13-4  per  cent  of  triolein.  The  remaining  86-6  per  cent  is  con- 
sidered by  Sack  to  be  trUaurin. 

Recently  Schroeder  ^  examined  the  fat  from  genuine  seeds  of  the 
tangkallak  tree  obtained  from  Buitenzorg  (Java).  The  seeds  yielded 
51  per  cent  of  fat  on  extraction  with  petroleum  ether.  The  numbers 
obtained  by  Schroeder  are  collated  in  the  table  of  characteristics  with 
those  of  Sack  (see  p.  663).  The  iodine  values  speak  against  the  identity 
of  the  two  specimens  examined  by  Sack  and  by  Schroeder.  The  amount 
of  insoluble  fatty  acids  +  unsaponifiable  was  foimd  by  Schroeder,  as  the 
mean  of  three  determinations,  to  be  76-1  per  cent,  which  points  to  the 
fact  that  large  quantities  of  lauric  acid  had  been  washed  away.  The 
amount  of  unsaponifiable  matter  was  1-44  per  cent.  The  Reichert- 
Meissl  value  of  1-47  would  appear  to  be  due  to  small  quantities  of 
volatile  fatty  acids,  lower  than  lauric  acid,  inasmuch  as  the  saponifica- 
tion value  of  the  fat  ascertained  by  Schroeder — 268-2 — is  higher  than  the 
saponification  value  of  lam-in.  The  fat  would,  therefore,  appear  to 
consist  of  practically  pm-e  laurin.  Besides  lauric  acid,  Schroeder  foimd 
small  quantities  of  a  liquid  fatty  acid  which  had  the  iodine  value  68-65  ; 
most  likely  this  was  oleic  acid,  holding  in  solution  some  lauric  acid. 
According  to  Schroeder,  tangkallak  fat  consists  of  96-4  per  cent  of 
lam-in  and  2-6  per  cent  of  olein. 

The  specimen  examined  by  Schroeder  had  the  acid  value  3-35.  The 
fat  dissolved  in  15  parts  of  absolute  alcohol  at  20°  C. 

Tangkallak  fat  is  used  in  Java  for  the  manufacture  of  candles.  One 
tree  is  stated  to  provide  annually  sufficient  material  for  the  production 
of  500  candles. 

1  Delndische  Mercuur,  1903,  28th  April  ;  Pharm.  Wcekhlad,  1903,  4. 
2  Arch.  d.  Pharm.,  1905  (243),  631. 
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(c)  KHAKAN  (kAKAN)  FAT,  KILNEL  OIL 

This  fat  is  obtained  from  the  seeds  ("  pilu  or  jlial ")  of  Salvadora 
oleo'ides,  Dene.  {S.  indica,  Royle),  a  small  tree  or  shrub  growing  in 
Northern  India.  The  seeds  contain  45-48  per  cent  of  fat.  The  following 
characteristics  were  ascertained  by  Hooper.^  The  low  iodine  value  in 
conjunction  with  the  high  saponification  value  induce  the  author  to 
place  this  fat  amongst  the  fats  of  the  Dika  group. 


Oil— 

Specific  gravity  at  50°  C. 
Melting  point,  °  C. 
Saponification  value 
Iodine  value 
Eeichert-Meissl  value . 
Acid  value 


Fatly  Acids — 

Insoluble  fatty  acids,  per  cent 
Melting  point,  °  C.  . 
Neutralisation  value  . 
Iodine  value  . 


0-  9084 
41 

242-36 

7-  48 

1-  28 
11-26 

94-12 
40 
244-42 

8-  3 


The  fat  is  employed  in  Cutch  in  the  dyeing  of  "  bangalas  "  (outer 
garments  of  Cutchee  ladies). 

The  seeds  from  Salvadora  persica,  L.,  a  shrub  growing  wild  in  the 
Sudan,  known  locally  as  "  mustard  tree,"  yield  44-6  per  cent  of  a  hard 
yellow  fat,  having  the  following  characteristics  : — 


Specific  gravity  at  99/16°  C. . 
Saponification  value  . 
Iodine  value 
Acid  value 

Fatty  Acids — 

Solidifying  point  (Titer  test). 
Melting  point,  °  C.  . 


0-867 
245-2 
6-9 
9-3 

30-4 
38 


{d)  cIy  cAy  fat,  cochin-china  wax,  irvingia  butter 

French  —  Beurre  d' Irvingia  ;  beurre  de  Cay  Cay  ;  beurre  de  I'arhre 
a  chandelle.  GeTman— Cochin-China  Wachs.  Italian— ^e^-o  di 
Cay  Cay. 

Cay  Cay  fat  {i.e.  candle  tree  fat)  is  obtained  fi-om  Irvingia  Oliveri, 
Pierre,  Irvingia  malayana,  Oliv.,  or  Irvingia  Harmandiana  ;  Buchanania 
fastigiata,  H.  Baillon.    The  Cay  C4y  is  a  tropical  tree  indigenous 

'  Ayricult.  Ledger,  1908,  No.  1,461. 
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to  Coclim  China  and  Cambodja  ;  its  habitat  is  in  the  forest.  Irvingia 
malayana  is  chiefly  found  in  Cambodja,  whereas  Irvingia  Oliveri  is 
characteristic  of  Indo-China  (Cochin  China).  Both  trees  are  known  to 
the  natives  under  the  name  "  candle  tree  "  or  "  Indo-Chinese  wax  " 
tree.  The  tree  is  imknown  in  Tonkin  and  in  the  northern  part  of 
Annam,  whereas  it  still  grows  in  the  southern  province  of  Annam 
(Binhthuanh).  It  produces  a  very  large  number  of  fruits,  which  mostly 
rot  away  unused  for  want  of  facilities  of  transport.  The  fruits  fall  oS 
the  tree  in  July  and  August,  and  are  allowed  by  the  natives  to  lie  for 
about  two  months,  whereby  the  fibrous  mesocarp  becomes  softened. 
They  are  then  placed  in  the  sun- to  dry,  and  the  shells  are  removed  by  a 
knife  or  a  hammer.  The  difficulty  of  removing  the  shell  seems  to  have 
militated  hitherto  against  proper  commercial  exploitation.  The  kernels 
are  exposed  to  the  sun  to  dry,  when  a  brown  skin  sm-rounding  them 
can  be  easily  removed.  The  shelled  kernels  are  then  pounded  in  a 
mortar  and  the  pounded  mass  placed  on  a  layer  of  bamboo  over  pots 
of  boiling  water,  so  that  the  steam  warms  it.  It  is  then  packed  in  bags 
and  expressed  in  a  crude  native  press.  The  still  liquid  fat  is  then 
poured  into  very  primitive  candle  machines,  consisting  of  bamboo  tubes 
fitted  with  cotton  wicks.  A  still  less  pure  kind  of  Cay  Cay  fat  is 
obtained  by  boiling  the  pounded  kernels  with  water,  and  skimming  ofi 
the  fat  as  it  separates. 

It  is  stated  that  the  nuts  yield  20  per  cent  of  kernels,  and  that  one 
kilo,  of  the  kernels  gives  four  candles,  two  large  ones  and  two  small 
ones,  which  weigh  about  430  grms.,  so  that  the  yield  of  fat  from  the 
kernels  would  be  about  43  per  cent.  Vignoli  ^  obtained  in  the  laboratory 
from  the  kernels  52-56  per  cent  of  fat  (by  extraction  with  carbon 
bisulphide).  Considering  the  extremely  crude  method  practised  by 
the  natives,  the  yield  they  obtain  is  a  very  good  one.  The  residual 
cake  is  mostly  used  as  fuel  or  as  cattle  food  or  for  manuring  the  land. 

Cay  Cay  fat  has  a  greenish-yellow  colour,  undoubtedly  due  to 
impurities  caused  by  the  crude  process  of  production.  On  exposure  to 
the  air  the  fat  is  bleached  and  becomes  white.  Vignoli  stated  that  the 
fat  consists  of  70  per  cent  of  saturated  acids  and  30  per  cent  of  oleic 
acid.  Heckel,  who  again  examined  the  Cay  Cay  fat,  gives  its  melting 
point  as  39-5°  C.  The  mixed  fatty  acids  melted  at  37-2°  C.  By 
repeated  crystallisation  of  the  mixed  fatty  acids  from  acetone,  an  acid 
was  obtained  which  melted  at  53-6°  C.  Heckel  takes  this  as  proof  that 
the  fatty  acid  is  myristic  acid.  He  further  states  that  oleic  acid  is 
absent,  and  that  the  total  fatty  acids  consist  of  a  mixture  of  30  per  cent 
of  myristic  and  70  per  cent  of  lauric  acid. 

As  all  these  statements  stood  in  need  of  confirmation,  Bontoux^ 
examined  genuine  seeds  of  Irvingia  Oliveri,  and  two  Cay  Cay  fats 
prepared  by  the  natives  in  Cambodja.  All  the  specimens  were  authen- 
ticated, being  supplied  from  the  exhibits  of  the  Colonial  Exhibition  of 
Marseilles,  1906.    The  seeds  were  in  perfect  condition  ;    100  seeds 

'  ^cole  mph-ieure  de  jiharmacie  do  I'acadimia  de  Montpellitr,  Tlu'so,  1886. 
Lcwkovvitach,  Technologic  el  analyse  chimiques  dcs  huiles,  graisses  et  cires,  triuluit 
par  E.  Bontoux,  vol.  ii.  p.  1].38. 
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weighed  360  grms.,  and  yielded  78-14  per  cent  of  sliells  and  21-86  per 
cent  of  kernels.  The  latter  were  dry,  had  a  pleasant  taste,  were  free 
fi-om  rancidity  and  yielded,  on  extraction  with  petroleum  ether,  60-45 
per  cent  of  an  almost  white  fat  of  pleasant  taste  (after  purification). 
The  Cambodja  fats,  although  over  two  years  old,  were  only  sUghtly 
rancid. 

The  extracted  fat,  as  also  the  native  fats,  had  the  consistence  of 
beeswax  ;  in  contradistinction  to  this  substance  they  had  a  crystalline 
structure,  and  hence  were  more  friable  than  beeswax.  The  following 
numbers  were  determined  in  these  fats  by  Bontoux  : — 


Fat  extracted 

in  the 
Laboratory. 

Native  Preparations. 

No.  1. 

No.  '2. 

Fat- 
Melting  point,  °  0  

Solidifying  point,  °  C  

Saponitication  value  .... 
Iodine  value  ..... 
Acid  value  ...... 

39-7 
31 

235-0-1^35-6 
6-7-6-8 
0-89 

38-2 
31-2 
236-3 
4-1-4-2 
23-5 

38-4 
31-8 
237-4 
4-9-5-1 
34-9 

Fatty  Acids— 

Fatty  acids +  unsaponifiable,  per  cent  . 
Solidifying  point  (titer  test),  °  C. 
Neutralisation  value  .... 
Mean  molecular  weight 

94-0 
36-6 

253-0 

222 

93-4 

93-2 
36-4 

250-2 

224 

By  converting  the  glycerides  into  methylesters,  and  fractionating 
the  latter  at  a  pressm-e  of  25  mm.,  Bontoux  ascertained  that  cay-cay 
fat  consists  of  about  5  per  cent  of  olein,  30-35  per  cent  of  laurin,  and 
65-60  per  cent  of  myristin.^ 

The  best  qualities  of  Cay  Cay  served  formerly  as  an  edible  fat  in 
place  of  butter,  and  cakes  of  such  butter  used  to  be  largely  sold  in  the 
markets  of  Saigon  and  Cambodja.  At  present  hardly  any  edible  fat  is 
prepared,  most  of  the  product  being  made  into  candles  for  local  use, 
as  described  above.  The  crude  fat  for  this  purpose  is  sold  under  the 
name  of  Cay  Cay  wax.  The  importation  of  paraffin  oil  into  Indo-Chma 
has,  however,  considerably  reduced  the  demand  for  candles,  and  the 
output  of  Cay  Cay  fat  has  consequently  greatly  decreased. 


(e)  KUSU  OIL  2 

-pxench—Huile  de  Kusu.  Gevman—Kusuol. 
Italian — Olio  di  Kusu. 

Kusu  oU  is  contained  in  the  fruit  of  the  camphor-yielding  tree 
Cinnamomum  Camphora,  Nees  {Lauracece).    The  seeds  are  about  0-5 

•  Les  MaliSres  grasses,  1908,  1277. 
2  Tsujimoto,  Journ.  Coll.  Eng.,  Tokyo,  Imp.  Univ.,  1908,  86. 


Lesser  Known  Vegetable  Fats 


Picramnia  fat 


Kobi  butter  . 
Chiron ji  oil  . 


Kanya  butter  ^  ] 
Sierra  Leone  butter  ■ 
Lamy  butter  J 

Kanga  butter 
Wild  olive  fat »  . 

Undung  tallow"! 
Labreu  tallow   -  . 

(Boi-loi)  I 
Advocate  pear  ^  . 


SiercvXia  Chicka,  StJ  Hil. 
Basiloxylon  brasilieiisis,  K.  Schumann 
Carjpatroche  bra^iliensis,  Endl. 
Mymusops  elcruji 

Pithecolobium  dulce 

Picramnia  lindeniana 

Picramnia  carpenterfie  (Pollack) 

JUgiphila  obducfa,  Vellos 
Ghorisia  PeckoUiam'^  Mart. 
Carpa  microcurfa 
PauUinia  trigona,  VqU. 
Bnchanania  latifoUa,  W.  and  A.  ^ 

Paneira  do  campa  Bombax 
PitJiecocienium  echinfttum,  K.  Schumann 
Carica  papaya,  L. 

Pentadcsma  butyracea,  Don.' 


Pentadestna  butyracea,  Sab. 

Simaruba 

Lujfa  acutangula 

Tetmnthera^'^  laurifoUa,  Jacq. 

Persm  gratissima 
SJcapliium  lanceatuyn,  Miq.  )^ 
Xanthophyllum  lancetitum,  J.J.S.j 
Allophyllus  raceTnosai  L. 


Native  Country. 


BrazU 
India 

Mexico,  India 
Guatemala 

Brazil 

West  Africa 
Brazil 
North- West  India 

Brazil 

West  Africa 

San  Salvador 
India 

Asia  " 

Brazil,  Indo-China 
Sumatra 
Ceylon 


Yield. 
Per  cent. 


18'47 

13-2 
39-0 

76 
21-6 

50 


47-50 

46-'6 
20 


6-8 
39-2" 
22-3 


Specific  Gravity. 


0-9129 
(water  at  100  =  1) 

0-9106  at  100°  C. 
(water  at  100=1) 
0-8880  at  50°  C. 


0-9579  at  26°  C. 
0-895  at  15°  C. 


0-8942  at  100° 
(water  100  =  1) 


0-857  at  100°  C. 
0-9165  at  30°  C. 


0-9002  at  15°  C. 


0-8983  at  75°  C. 


Melting  Point. 


40-41 
50-52 


16 
32 


42 
30 


15 
48 
63 


Saponification 
Value. 


194-15 
197-25 
236-6 
213-9 


205-9 

192-  7 

156-2 

199-5 
216-2 
188 

193-  6 

133  (?) 

183-2 

186-5S 


186 
197 


229-2 


198-5 
242-2 


Iodine  Value. 


78-9 
76-4 
74-9 
66-5 


50-0 

56-  8 

63-  9 

64-  15 
61-4 
58-0 
.57-65 

57-  3 

54-0 
50-7 
50-7 


46-5 
42-3 


40-1 


36-6 
39-4 


Insoluble 
.\cids-t-Un- 
saponiiiable. 


89-4 

87-64 
94-4 


92-0 
95-8 


96-1 
82-3 


95-76 


Reichert-Meissl 
Value. 


10-6 
8-41 


3-3 
0-33 


13-1 


Refractive 
Index. 


Melting  Point 
of  Fatty  Acids, 


73-5 
"  degrees  " 
(Butyro) 

69-5 
(Butyro) 
1-4608 
(at  50  °) 
1-4624 
(at  50  °  C.) 


1-4584 


1-4617 


73 
(Butyro) 


1-4629 
(at  60  °  C.) 


35 
44-7 


28 


57-0 
48-49  = 
44-1 


54 

62 


45-5 


63-9 


72-2 
13-1 
8-4 
16-55 
15-40 

7-8 
51-5 
83-7 


3-1 
26-4 


93-7 


12-2 
136-7 


Niederstadt 


Menon  ^ 


Grimme  ^ 


Niederstadt 

Hebert  ■> 
Niederstadt 
Crossley  and  Le  Sueur 

Niederstadt 


Imp.  Inst. 
Grimme  " 

Menon 


Pairault " 
Gorter 
Grimme  ^'^ 


1  Joum.  Soc.  Chem.  Ind.,  1910,  1430.  ^  qj^^  Reme,  1912,  51. 

'  Chem.  Reme,  1910,  158. 

^  Les  Matiires  grasses,  1911,  2158. 

^  The  tree  grows  profusely  in  the  North-West  Provinces  of  India,  and  on  the 
mouutains  of  Coromandel  and  Malabar.  In  the  latter  two  countries  it  is  known  under 
the  native  names  Lutiibo,"  Pyal,^'  Gliarolee.''^'  The  seeds,  known  as  "chirongi," 
are  eaten  as  sweetmeats  by  the  natives  ;  hence  the  I'at,  of  which  the  seeds  contain  30-40 
per  cent,  is  rarely  prepared.  ' 

Cp.  Heckel,  Les  Graines  grasses  nouvelles  ou  peu  connues  des  colonies  franmises, 
Paris,  1902,  173.  | 


'  Journ.  Soc.  Chem.  Ind.,  1902,  1164.  Pierre  described  in  1898  another  kmd  of 
Pento.dcsjiia,  viz.  P,  leptonemu  (native  name  "Ebonizo"),  occurring  in  the  neighbour- 
hood of  Libreville.    Cp.  Heckel,  Lcs  Maiihcs  grasses,  1908,  1002. 

*  Chem.  Remce,  1910,  263  ;  kuown  by  the  natives  of  St.  Thome  as  "Oba"  or 
"  Matapassa,"  not  to  be  confounded,  however,  with  Dika  fat. 

"  The  sohd  portion  of  the  mixed  fatty  acids  melted  at  55  °  C.  They  were 
fractionated  by  means  of  the  barium  salts  into  three  portions,  melting  at  58°-59°  C, 
44°  C. ,  and  38°  C.  respectively. 

1"  T.  citrata,  Nees.,  T.  gkthraria,  Nees.,  and  T.  Ro:cburghii,.B\.,  yield  similar  pro- 
ducts (Bull.  Imp.  Inst.,  1903,  212). 


^  The  plant  has  also  been  introduced  into  America. 

1?  This  is  a  corruption  of  the  Brazilian  word  "  aguacata. "  The  fat  from  the  pulp  of 
the  fruit  is  edible  and  known  as  vegetable  butter.  Its  cultivation  has  beeu  extended  to 
mosij  tropical  countries  ;  it  is  common  in  ludo-China. 

li*  The  oil  has  a  green  colour  and  resembles  laurel  oil  in  its  odour  {Bali,  de  V Assoc. 
des  Chim.  de  Sucr.  el  Dist.,  1908  (25),  778). 

The  pressed  seeds  contain  a  poisonous  saponin. 

IS  Arch.  d.  Pharm..  1911,  481. 

>"  Chem.  Rene,  1910,  263.    Native  name,  "  Hangola-Del. " 
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uiu.  in  diameter,  and  weigh  on  an  average  0-1  grm.  They  contain 
6-78  per  cent  of  moisture,  424  per  cent  of  fat,  and  2-1  per  cent  of  ash. 
The  fat  which  was  prepared  in  the  laboratory  by  powdering  and  pressing 
the  seeds  at  a  somewhat  elevated  temperature  forms  a  white  crystalline 
mass,  having  a  slight  aromatic  odom-  which  recalls  that  of  cocoa  nut  oil. 
The  following  characteristics  were  ascertained  : — 


Specific  gravity  at  25°  C.      .         .         .  0-9267 

Specific  gravity  at  100°  C.  .  .  .  0-8760 
Melting  point,  °  C.      .         .         .  .22-8 

Saponification  value   ....  283'8 

Iodine  value    .....  4-5 

Reichert-Meissl  value  ....  0-53 

Refractive  index  at  25°  C.    .         .         .  1-4517 


The  acid  value  of  the  sample  was  4-70. 

The  amount  of  insoluble  acids  +  unsaponifiable  found  was  81-8  per 
cent ;  although  2  litres  of  water  were  used  for  3  to  4  grms.,  the  wash 
water  stiU  contained  soluble  acids.  The  mixed  acids  used  in  the 
determination  of  the  following  numbers  were  obtained  by  washing 
with  a  10  per  cent  solution  of  common  salt : — 

Fatty  Acids 


Specific  gravity  at  100°  C.    .         .         .  0-8412 
Melting  point,  °  C.      .         .         .  .21 
Neutralisation  value   ....  292-8 
Mean  molecular  weight        .         .         .  191-6 
Iodine  value    .         .         .  .  .5-1 


From  the  foregoing  numbers  it  may  be  concluded  that  the  chief 
constituent  of  the  oil  is  laurin.  The  fat  would  thus  resemble  cocoa 
nut  oil  and  its  congeners,  but  differs  notably  from  them  by  its  low 
Reichert  value.  The  fat  seems  to  be  more  nearly  related  to  dika  fat, 
tangkallak  fat,  and  Irvingia  butter,  all  of  which  are  characterised  by 
high  proportions  of  laurin. 

Lesser  Known  Vegetable  Fats,  see  table  opposite. 


2.  Animal  Fats 

The  fats  described  under  this  head  vary  in  their  hardness^  like  the 
vegetable  fats,  in  inverse  proportion  to  the  amount  of  unsaturated 
fatty  acids  they  contain,  or,  in  other  words,  to  the  amount  of  iodine 
they  absorb.  Butter  fat,  in  a  similar  fashion  as  the  fats  of  the  cocoa 
nut  oil  group,  occupies  an  exceptional  position  owing  to  its  liigli  pro- 
portion of  glycerides  of  volatile  acids.  In  a  system  based  on  similarity 
of  chemical  composition  butter  fat  would  be  classed  with  the  cocoa  nut 
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oils,  but  it  is  more  convenient  to  retain  tlie  subdivision  into  vegetable 
and  animal  fats,  inasmuch  as  these  two  classes  can  be  differentiated 
readily  by  the  phytosteryl  acetate  test. 

The  unsaturated  fatty  acids  of  the  animal  fats  were  until  recently 
considered  to  consist  of  oleic  acid  only,  and  this  was  thought  to  con- 
stitute an  important  natural  difference  between  vegetable  and  animal 
fats.  It  has,  however,  been  shown  that  some  animal  fats  contain  less 
saturated  fatty  acids  than  oleic  acid.  Indeed,  the  presence  of  linolic 
acid  has  been  proved  in  the  case  of  lard  {Fahrion)  and  hare  fat  {Kur- 
batoff),  by  identifying  amongst  the  oxidation  products  of  the  Hquid 
fatty  acids  sativic  acid,  and,  in  the  case  of  lard,  by  the  isolation 
of  linolic  tetrabromide  (Farnsteiner).  Furthermore,  Farnsteiner  has 
shown  that  even  small  quantities  of  linolenic  acid  occur  in  lard  and 
taUow  (for  a  probable  explanation  see  below).  From  icebear  fat  9-3 
per  cent  of  fatty  acids  were  isolated,  the  iodine  value  of  which  reached 
as  high  a  figure  as  244-4. 

We  are,  therefore,  in  a  position  to  discriminate  between  drying, 
semi-drying,  and  non-drying  fats,  similarly  as  in  the  case  of  vegetable 
oils  and  fats,  and  also  to  establish  among  the  animal  oils  and  fats  all 
gradations  from  fish  and  liver  oils  down  to  the  hardest  fats,  containing 
very  small  proportions  of  glycerides  of  unsaturated  fatty  acids.  WhUst 
the  marine  animal  oils  simiilate  the  drying  oils,  we  have  a  certain  class 
of  animal  fats,  represented  by  icebear  fat,  blackcock  fat,  hare  fat,  wild 
duck  fat,  which  may  be  likened  to  semi -drying  oils.  Keasoning  by 
analogy,  we  must  ascribe  these  drying  properties  to  the  occurrence  of 
fatty  acids,  which  are  less  saturated  than  oleic  acid. 

The  presence  of  highly  unsaturated  fatty  acids  in  icebear  fat 
suggests  the  inference  that  the  nature  of  the  food  has  great  influence  on 
the  chemical  composition  of  the  body-fat.  On  this  assumption  Voit's 
opinion  that  each  animal  is  characterised  by  a  specific  Idnd  of  fat  is  no 
longer  tenable.  Although  this  question  would  appear  to  belong  to 
the  domain  of  physiology,  its  discussion  is  germane  to  our  subject, 
inasmuch  as  this  is  a  matter  of  the  greatest  importance  to  the  analyst 
who  has  obtained  abnormal  numbers  in  the  examination  of  a  lard  or 
butter  fat. 

It  is  weU  known  that  if  large  quantities  of  one  particular  fat  are 
given  with  the  food,  such  fat  is  liable  to  pass  into  the  body-fat  of  the 
aninial.  Thus  it  has  been  shown  that  the  fat  from  dogs  who  were 
given  considerable  quantities  of  linseed  oil  in  their  food  had  acquired 
the  pecuHar  odour  of  linseed  oil,  and  exhibited  distinct  drying  properties; 
again,  after  feeding  dogs  with  rape  oil  the  presence  of  erucic  acid  m  the 
fat  could  be  proved  {RadziejewsJci).  Munk  has  then  shown  _  that  m 
dogs  that  had  been  kept  on  starvation  rations,  subsequent  feeding  with 
mutton  tallow  produced  a  deposition  in  the  body  of  a  fat  very  smiilar 
to  mutton  tallow.i  Eosenfeld  states  that  geese  fed  on  potatoes  yield  a 
fat  with  a  melting  point  higher  than  the  normal  one,  and  cites  this  in 
support  of  his  view  that  fat  synthesised  from  carbohydrates  is  com- 
paratively rich  in  the  glycerides  of  the  saturated  acids.  It  has  fm-ther 
1  Cp.  Rosenfeld,  Ergehnisse  d.  Physiologic,  1901  (i.),  673. 
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been  ascertained  that  hogs  fed  on  dried  fish  yielded  lard  of  a  disagree- 
able fishy  taste  ;  moreover,  such  lard  was  less  hard  than  that  from 
normally  fed  hogs.  During  the  last  decade  or  two  the  practice  of 
feeding  the  hogs  (in  America)  on  maize  has  produced  much  "  softer  " 
lards  than  were  previously  obtained,  a  fact  which  must  undoubtedly  be 
ascribed  to  the  influence  of  maize  oil.  It  has  also  been  observed  that 
tallow  from  cattle  fed  on  oil  cakes  is  softer,  i.e.  richer  in  olein,  than 
tallow  from  cattle  fed  on  grass  (South  American  tallow.  New  Zealand 
tallow),  and  further  that  lard  from  hogs  fed  on  copra  showed  iodine 
values  ranging  from  32-5  to  42-5. 

Not  only  does  the  kind  of  food  influence  the  character  of  the  body- 
fat,  but,  as  a  general  rule,  the  fat  given  in  the  food  seems  also  to  pass 
into  the  milk-fat.^  Thus  Baumert  and  Falhe^  have  shown  that  on 
feeding  cows  with  oil-cake  obtained  from  sesame  seed,  almonds,  and 
cocoa  nut  kernels,  there  were  obtained  butter  fats  which  showed  so 
remarkable  a  decrease  in  their  proportions  of  volatile  fatty  acids 
{Reichert-Meissl  values)  that  without  further  investigation  the  butter 
fats  would  have  been  declared  adiilterated,  inasmuch  as  the  analytical 
characteristics  were  those  of  a  mixture  of  genuine  butter  fat  with  very 
considerable  amounts  of  foreign  fats  (cp.  also  "  Human  Fat,"  p.  686). 
Similarly  Gogitidse  ^  showed  that  the  milk-fat  from  goats  fed  liberaUy 
with  linseed  oil  had  the  characteristics  of  a  butter-fat  mixed  with 
33  per  cent  of  linseed  oil.  The  above-mentioned  occurrence  of 
linolenic  acid  in  lard  and  taUow  must  therefore  be  ascribed  to  the 
influence  of  the  food  on  the  body-fat  (cp.  also  "  Lard,"  p.  698  ;  "  Butter 
Fat,"  p.  824).  In  order  to  further  illustrate  the  influence  of  the  fat 
given  with  the  food,  I  collate  some  isolated  observations  on  the  fats 
from  certain  wild  animals,  and  contrast  them  with  the  fats  from  the 
same  species  in  a  domesticated  state. 


Fat  from  Iodine  Value. 

Rabbit,  wild      .                  ....  lOl-l 

„      tame     ......  64-4 

Goose,  wild      ......  99-6 

„      wild,  held  in  captivity  2  years       .         .  67-0 

„      domestic         .....  67-6 

Duck,    wild      ......  84'6 

„      domestic         .     '    .         .         .         .  sg-S 

Hog,     wild      ......  76-6 

„        domestic         .....  66 

Cat,      wild      ......  57.8 

„       domestic         .....  64-5 


In  the  case  of  wild  goose  and  wild  duck,  the  feeding  on  fish 
satisfactorily  explains  the  high  iodine  values. 

As  a  corollary  to  the  foregoing  observations,  it  may  be  added 

>  Cp.  Ziintz  and  Ussoii,  Chem.  CenlralbL,  1900,  382  :  Einecke,  MM.  d.  Landw 
hist.,  1903,  .559. 

-  ZkUk.  /.  Unlers.  d.  Nahrijs-  n.  Oenussm.,  1898  (i.),  665.    For  similar  o.\perinients 
and  results  obtaiiuMl  by  feeding  witli  rice  raoal,  sue  ib.,  1908,  xv.  33. 
»  ZeiUckr.f.  Bioloy.,  1904  (45),  353. 
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that  the  fat  from  a  chicken  fed  on  milk  approximated  to  the  composi- 
tion of  butter  fat  (high  saponification  value),  although  it  did  not  yield 
a  larger  amount  of  volatile  fatty  acids  than  ordinary  chicken  fat 
{Zaitscheh)}  Experiments  made  by  Weiser  and  Zaitschek^  on  geese 
fed  with  maize  showed,  however,  that  the  body-fat  was  not  altered,^ 
probably  because  the  food  was  poor  as  regards  content  of  fat.  As  a 
fm-ther  rule  it  may  be  stated  that  the  amount  of  liquid  (unsatm-ated) 
fatty  acids  decreases  as  the  position  of  the  fat  approaches  the  warmest 
parts  of  the  body.* 

Bomer  ^  puts  forward  the  opinion  that  it  is  not  the  fats  themselves 
(that  are  given  with  the  food)  which  pass  into  the  body-fat  or  nulk- 
fat,  but  rather  the  fatty  acids.  This  would,  of  course,  mean  that  the 
fats  are  hydrolysed  first,  that  the  fatty  acids  pass  through  the  tissues, 
and  that  the  fatty  acids  find  glycerol  there  (either  newly  formed  or 
derived  from  hydrolysed  fat),  which  has  also  passed  through  the  tissues 
ready  to  perform  the  synthesis  of  fats.  Some  slight  support  for  this 
opinion  may  be  found  in  the  experiments  of  Pottevin,  as  also  of  Twit- 
chell  (Vol.  I.  Chap.  II.).  Bomer  thinks  that  a  strong  argument  in  favour 
of  his  views  (that  the  fatty  acids  and  not  the  glycerides  themselves 
pass  into  the  body-fat)  is  offered  by  the  fact  that  phytosterol  given 
with  the  food  does  not  pass  into  the  body-fat. 

The  view  that  fats  are  hydrolysed  to  glycerol  and  fatty  acids  in  the 
first  stage  of  the  digestive  process  is  put  forward  on  the  strength  of 
physiological  experiments  by  Levites.^ 

Noll '  deduces  from  micro-chemical  examinations  the  fact  that  the 
fat  in  the  epithelial  cells  has  the  same  composition  as  that  of  a  child, 
and  that  the  fat  in  these  cells  is  absorbed  as  glycerides.^ 

In  view  of  the  change  animal  fats  undergo  in  consequence  of  the 
change  of  food,  it  became  of  great  importance  to  investigate  whether 
phytosterol,  if  supplied  together  with  a  vegetable  fat  in  the  food,  passes 
into  the  body-fat,  and  may  therefore  occur  in  such  body-fat  side  by  side 
with  cholesterol.  This  possibiUty,  under  certain  conditions,  was  not 
excluded,  since  the  colouring  matter  contained  in  cotton  seed  and 
cotton  seed  oil  passes  into  the  body-fat  of  hogs,  and  into  the  milk-fat 
of  cattle  fed  on  cotton  seed  cake. 

Since  all  fodders  given  to  domestic  animals  contain  phytosterol, 
and  yet  all  animal  oils  and  fats  examined  hitherto  have  been  proved 

1  Pflugers.  Arch.,  1903  (98),  614. 

2  Ibid.,  1902, 128. 

3  Ibid.,  1902  (93),  128.  Cp.  also  Parasohtscliuk,  Chein.  Centralbl.,  1903  (i.),  731  ; 
Arnold,  ibid.,  1903  (i.),  531. 

Henriqiics  aud  Hansen,  Biederm.  Centralbl.,  1901,  182  ;  Lemmermaun  and  Linkh, 
Landw.  Jahrbacher,  1903,  635.  Exceptions  to  this  rule  have  been  observed  by 
Railcow  {Ohem.  Zeit.,  1904,  272)  in  the  case  of  bear  fat  ;  and  in  the  case  ot  horse  fat  by 
Dunlop  {Analyst,  1907,  318).  The  fat  taken  from  the  kidney  bed,  which  in  west 
animals  gives  the  lowest  iodine  value,  furnished  the  highest  figure  yet  recorded  for  horse 
fat,  viz.  110-65  (H.  Dunlop). 

6  Zeils.f.  Unters.  d.  Nahnjs-  u.  Genussm.,  1907  (x'lv.),  93. 

»  Biuchem.  Zeilschr.,  1909,  220.    Uoppe-Scyler's  Zeilschr.  f.  phys.  Chem.,  1906  (4.[), 
273  ;  1907  (53),  350  ;  1908  (57),  46.    Cp.  also  Raper,  .ruurn.  Biol.  C'hcm.,  1913,  11/- 
PJlU(/ers  Arch.,  1910  (136),  208. 
*  Cp.  also  Whitehead,  Amcr.  Journ.  Physiol.,  1909,  294. 
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to  be  free  from  phytosterol,  it  raight  have  been  concluded^  a  priori, 
that  phytosterol  does  not  pass  into  the  food.  It  was,  however,  de- 
sii-able  to  iavestigate  this  more  fully,  as  through  feeding  with  cake 
larger  doses  of  phytosterol  are  introduced  into  the  system  than  with 
ordinary  fodder.  C.  Vircliow^  who  first  inquired  into  this  matter^  has 
shown  that  on  feeding  animals  (dogs,  hogs,  etc.)  with  cotton  seed  oil 
and  peas,  phytosterol  could  not  be  detected  in  the  body-fat.  Nor 
could  Bomer  ^  detect  any  phytosterol  in  a  butter  from  a  cow  fed  on 
sesame,  cocoa  nut,  and  almond  cakes ;  neither  could  Fulmer  ^  and 
Polenske  ^  detect  it  in  the  lards  of  hogs  fed  with  cotton  cake  and  cotton 
seed  oil  respectively,  although  in  the  last  case  abnormally  large  quan- 
tities of  oil  were  given  to  the  pigs  {Farnsteiner).  All  the  foregoing 
researches  have  been  confirmed  by  an  exhaustive  enquiry  of  Konig  and 
Schluckebier,^  who  carefully  examined  the  body -fat  taken  from  five 
different  parts  of  the  body  of  yoxmg  pigs  (head,  back,  leaf,  ham, 
intestines )  as  also  the  fat  from  the  liver,  brain,  and  gaU.  In  no  case 
was  phytosterol  found,  cholesterol  being  the  only  alcohol  contained  in 
the  unsaponifiable  matter  of  aU  these  fats. 

It  was  further  of  great  importance  to  investigate  whether  those 
chromogenetic  substances  of  cotton  seed  oil  and  sesame  oil  that  show 
the  characteristic  colour  reactions  of  these  two  oils  pass  into  the  body- 
fat  or  milk-fat  if  cotton  seed  cake  or  sesame  cake  is  given  with  the 
food.  As  this  question  will  be  fully  discussed  under  the  headings  of 
"  Lard  "  and  "  Butter  Fat,"  it  need  only  be  pointed  out  here  that 
exhaustive  investigations  have  demonstrated  the  fact  that  the  chromo- 
genetic substance  of  cotton  seed  oU  does  migrate  into  lard  and  milk-fat, 
although  Thorpe^  noticed  that  individual  cows  vary  in  their  ability 
to  pass  the  reacting  substance  into  the  milk-fat.  As  regards  sesame 
oil,  the  opinions  of  numerous  observers  are  conflicting,  but  the  evidence 
goes  to  show  that  under  certain  conditions,  which  are  not  fully  known 
yet,  the  chromogenetic  substance  of  sesame  oil  migrates  into  the  milk- 
fat  of  mammals.  Quite  recently  Konig  and  ScJiluckebier  demonstrated 
that  on  feeding  pigs  with  sesame  cake  the  substance  which  gives  the 
Baudouin  reaction  passes  into  the  body -fat.  This  was  proved  by 
examining  the  fat  taken  from  five  difl'erent  parts  of  the  animal  (head, 
back,  leaf,  ham,  intestines)  which  had  served  for  the  experiment.' 

Other  influences  which  bear  on  the  composition  of  animal  fat,  such 
as  the  influence  of  seasons,  climate,  mode  of  living,  age,  state  of  health, 
and  idiosyncrasy  of  the  animal,  will  be  considered  imder  "  Human 
Fat,"  "  Lard,"  "  Tallow,"  and  "  Butter  Fat." 

It  is  also  noteworthy  (although  of  minor  importance  for  the  pur- 
poses served  by  this  work)  that  the  iodine  values  of  the  organ  fats  are 

1  Zdts.f.  Unters.  d.  Nahrgs-  u.  Genussm.,  1889,  559. 

2  Ibid.,  1902,  10'23. 

■'  Jonrn.  Amcr.  Chem.  .%c.,  1904  (26),  837. 

*  Arbeit,  a.  d.  Kais.  Oesundheitsaml,  1905,  567  ;  cp.  iiIho  FaviiHteiiier,  Lmidricli,  and 
Buttcnberg,  Zeils.  f.  Unlers.  d.  Nuhrgs-  u.  Oenus.m,.,  1906  (xi.),  1. 
Zeils./.  [Inters,  d.  Nalwfjs-  u.  Genussm.,  1908  (.\v.),  642. 
«  Analyst,  1898,  257. 

'  Cp.  M.  Piettre,  (Jompte  rend.,  1911,  487  ;  C.  L.  Hare,  Jmmi.  Tnd.  Eng.  Chem.., 
1910,  264  ;  and  E.  Abderluildeu  and  C.  Bialiin,  Zeitschr.  f.  2>hyswl.  Chem.,  1910. 
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higher  than  those  of  the  connective  tissue  fat.  Wolcke  states  the  fol- 
lowing figures  : — Iodine  value  of  the  fat  from  the  liver  of  the  normal 
dog  83-1,  from  the  heart  muscle  84-9,  from  the  kidney 2.78-0,»whereas 
the  iodine  value  of  the  connective  tissue  fat  was  62-8.-'-  On  examina- 
tion the  fatty  acids  in  these  organs  were  found  to  absorb  'from  113  to 
134  per  cent  of  iodine  ;  the  unsaturated  fatty  acids  appear  to  undergo 
oxidation  somewhat  easily  on  exposure  to  air,  thereby  becoming  to 
some  extent  insoluble  in  petroleum  ether.  On  separating  the  saturated 
fatty  acids  from  the  unsaturated  fatty  acids  (by  the  lead-salt-ether 
method)  Hartley  ^  obtained  unsaturated  fatty  acids  (from  pig  and  ox 
liver)  having  iodine  values  from  174  to  203.  The  bromide  test  led 
to  the  conclusion  that  the  unsaturated  acids  contain  acids  belonging 
to  the  unsaturated  series  (CnHgn-gOa)  and  even  GjJI^n-s^z-  (There 
seems  to  be  an  analogy  with  the  acids  of  the  fish  liver  oUs.)  Hartley 
isolated  the  following  acids  from  pig  liver  fat : — palmitic^  stearic,  and 
an  oleic  acid,  difiering  from  the  ordinary  oleic  acid,  linolic  acid,  and  an 
acid  C20H32O2. 

Polenske  ^  recently  made  the  interesting  observation  that  the  difier- 
ence  between  the  melting  and  solidifying  points  is  constant  for  one 
and  the  same  animal  fat,  whereas  different  animal  fats  exhibit  different 
("  difference  ")  numbers.  Thus  for  a  number  of  tallows  the  "  differ- 
ences "  found  were  12-8°-14-7°  C,  for  goose  fat  14-0°-16-2°  C,  and 
for  butter  fats  ll-8°-14-3°  C,  whilst  lard  is  characterised  by  higher 
numbers,  viz.  19-2°-20-6°  C.  Polenske  bases  on  this  observation  a 
method  for  the  detection  of  lard,  as  also  of  tallow,  in  goose  fat.  This 
method  is  Hkely  to  prove  useful  for  the  detection  of  tallow  and  lard  in 
butter  fat. 

In  this  work  only  those  animal  fats  which  have  commercial  im- 
portance, or  may  acquire  such,  will  be  treated,  i.e.  the  body  and  the  milk 
fats.  The  fats  from  the  active  organs  from  liver,  heart,  etc.,  are  only  of 
interest  from  a  physiological  point  of  view,  and  will  only  be  glanced  at 
in  passing. 

I  subdivide  the  animal  fats  into  :  (1)  drying,  (2)  semi-drymg,  and 
(3)  non-drying  fats.  The  latter  are  subdivided,  according  to  then: 
origin  into  (a)  body-fats,  (6)  milk-fats. 

1  Hartley  (On  the  nature  of  fat  contained  in  the  liver,  kidney,  and  heart),  Jourii. 
Phydnl.,  1907  (36),  18. 

2  Journ.  Physiol,  1909  (38),  354. 

^  Arbeit,  a.  d.  Kais.  Oesundheitsamt,  1907,  xxvi.  3. 
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HORSE  FAT 

French — Graisse  de  cheval.    German — Pferdefeit. 
Italian — Grasso  di  cavallo. 

For  tables  of  characteristics  see  p.  677. 

Fresh  horse  fat  (from  Equus  cahallus)  is  of  yellowish  colour^  and 
has  a  buttery  consistence.  On  standing  it  separates  into  a  solid  and 
a  liquid  portion.  In  its  fresh  state  it  is  neutral.  As  the  rendering 
of  horse  fat  is  not  so  carefully  carried  out  as  that  of  other  animal  fats, 
remnants  of  tissue  are  frequently  contained  therein.  Hence  it  readily 
becomes  rancid. 

In  a  sample  of  kidney  fat  stearic  acid  could  not  be  detected  by 
the  method  described  Vol.  I.  Chap.  VIII.  Farnsteiner  isolated  from  a 
specimen  of  horse  fat  linolic  tetrabromide  in  a  quantity  correspond- 
ing to  9-9  per  cent  of  linolic  acid  in  the  fat.  The  fat  taken  from  the 
kidney  bed,  which  in  most  animals  gives  the  lowest  iodine  value, 
fm-nished  the  highest  figure  yet  recorded  for  horse  fat,  viz.  110-65 
{H.  Dunlop)} 

The  occurrence  of  linolic  acid  satisfactorily  explains  the  weak 
drying  properties  this  fat  shows  on  exposure  to  the  air. 

In  consequence  of  the  increasing  consumption  of  horse  meat,  horse 
fat  has  become  a  commercial  article.  It  is  used  by  the  poorer  classes 
on  the  Continent  as  an  edible  fat  in  place  of  lard,  and  is  no  doubt  used 
as  an  adulterant  of  more  expensive  fats.  Admixture  of  horse  fat  to 
tallow  has  been  practised  in  slaughter-houses.  Horse  fat  in  slaughter- 
house grease  is  stated  to  be  detected  by  the  biological  methods  ^  of 
differentiating  albumen  from  different  sources.  Of  coui'se,  if  the 
albumen  has  been  removed  in  the  usual  manner,  this  method  will  fail. 

Horse  fat  of  low  quality  is  used  in  soap-making  and  the  manufacture 
of  leather  greases.^  A  technical  application  of  horse  fat  for  the  coating 
of  calcium  carbide  in  the  production  of  acetylene  has  been  patented 
by  J.  M'Rae.^ 

The  following  characteristics  for  horse  fat  from  various  parts  of  the 
body  ^  have  been  published  : — 


»  Analyst,  1907,  318. 

2  Wittels  atid  Welwart,  Seifenscidcr  Zeit.,  1910,  1014. 
'  Boutoux,  Les  Matieres  c/rasses,  1910,  2026. 
•*  English  patent  25,046,  1905. 
'  As  to  the  foot  oil,  cp.  p.  482. 
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Horse  Oil. — The  liquid  portion  of  horse  fat  is  frequently  prepared 
separately  by  simple  filtration  at  low  temperature.  It  is  sold  in  com- 
merce as  horse  oil  or  "  animal  oil,"  and  should  not  be  confounded  with 
horses'  foot  oil  (see  p.  482).  The  following  table  contains  some  char- 
acteristics of  horse  oil  {Dunlop  ^). 


Horse  fat  Grom 

Colour  and  Consistence. 

Specific  Gravity  at 
15-5'  0. 

Saponification  Value. 
Per  cent. 

Iodine  Value  (Wijs). 

Reichert-Wollny 
Number. 

Butyro-Refractometer 
at  25°  C. 
"  Degrees." 

IJnsaponifiable  Matter. 
Per  cent. 

.Free  Fatty  Acids. 
Per  cent. 

1.  Kidney  bed 
after  nitration 
at  13-3°  C. 

Orange-yellow 
oil 

0-9212 

19-63 

114-85 

0-35 

66-7 

0-68 

2.  Neck  ("mane") 
after  filtration 
at  12-2°  C. 

Lemon-yellow 
oil 

0-9182 

90-10 

0-30 

61-8 

0-46 

3.  Neck("mane") 
after  filtration 
at  8-9°  C. 

Light  yellow, 
part  liquid 

0-9184 

19-56 

93-11 

0-20 

61-8 

0-50 

1-20 

4.  Neck  fat 

Lemon-yellow 
oil 

0-9211 

19-63 

112-85 

66-0 

0-42 

0-46 

The  drying  properties  of  horse  oil  are  very  marked.  Thus  specimens 
of  horse  oil  exposed  for  two  hours  in  thin  layers  on  glass  gave  at  tem- 
peratures 95°-97°  C.  sticky  films,  which  became  solid  after  four  hours 
(Dunlop). 

In  consequence  of  its  pronounced  drying  power  horse  oil  is  im- 
suitable  for  lubricating  purposes. 


HARE  PAT 

French — Graisse  de  lievre.  German — Easenfeit. 
Italian — Grasso  di  lepre. 

For  tables  of  characteristics  see  p.  679. 

Hare  fat  (obtained  from  several  specimens  of  Lepus  timidus)  is, 
according  to  Amtlor  and  Zinh^  pale  yellow  to  orange-yellow.  It  is  of 
soft  consistence,  and  separates  on  standing  into  a  thick  yellow  oil 
and  a  white  crystalline  deposit.  Even  in  the  fresh  state  it  has  a  dis- 
agreeable rancid  smell,  which  becomes  more  unpleasant  on  standmg. 

1  Analyst,  1907,  318.  Zdtschr.  f.  analyt.  Chcm.,  1897,  8. 
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GLYCERIDES  SEMI-DRYING  ANIMAL  FATS 


CHAP. 


Exposed  to  the  atmosphere  in  a  thin  layer  {e.g.  spread  on  a  glass 
plate),  hare  fat  dries  in  about  8  days  to  a  tolerably  viscid  varnish, 
becoming  solid  after  4  more  days.  The  iodine  number  after  38  days' 
exposure  was  194. 

Hare  fat  contains  linolic  acid.  Klimont  ^  could  only  detect  palmitic 
acid  in  the  saturated  fatty  ac^ds. 

The  acid  value  of  the  specimen  examined  by  Amihor  and  Zin  Jc  was, 
in  the  fresh  state,  2'73,  and  after  6  months,  8. 


RABBIT  PAT 

French — Graisse  de  lapin.    German — Kaninchenfett. 
Italian — Grasso  di  coniglio. 

For  tables  of  characteristics  see  p.  681. 

Kabbit  fat  (from  Lepus  cuniculus)  is  of  a  dirty  yellow  colour  ;  on 
standing  it  separates  into  a  liquid  and  a  solid  portion. 

The  fat  from  the  wild  rabbit  differs  very  notably  from  that  of  the 
tame  rabbit  in  its  iodine  absorption.  On  exposui'e  to  the  atmosphere 
the  fat  fi'om  the  wild  animal  dries  after  7  days  to  a  nearly  solid  varnish, 
becoming  completely  solid  after  6  more  days.  After  50  days'  ex- 
posure the  iodine  number  was  only  26.  The  fat  fi-om  the  tame  animal 
does  not  exhibit  drying  properties. 

The  acid  values  of  the  wild  rabbit  fat  and  tame  rabbit  fat  were  7-2 
and  6'2  respectively. 

As  a  rule,  the  fat  of  domesticated  animals  is  richer  in  olein  than  that 
of  wild  animals,  but  in  this  case,  as  well  as  in  that  of  the  wild  goose,  the 
reverse  obtains. 

»  Monatsh.f.  Chem.,  1912,  441. 
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GLYCERIDES — NON-DRYING  ANIMAL  FATS 


CHAP. 


(3)  Non-Drying  Animal  Fats 

horse  marrow  fat  ^ 

Frencli — Molle  de  cJieval.    German — Pferdemarhfelt. 
Italian — Grasso  di  midollo  di  cavallo. 


Physical  and  Chemical  CJiaracteristics  of  Horse  Marrow  Fat 


Specific  Gravity. 

Solidifying 
Point. 

Melting 
Point. 

Saponification 
Value. 

Iodine  Value. 

Reichert  Value. 

At  15°  C. 

-c. 

•c. 

Mgrms.  KOH. 

Per  cent. 

c.c.  iV  norm. 
KOH. 

0-9204-0-9221 

24-20  2 

35-39  2 

199-7-200 

77  •6-80-6 

1-0 

Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Specific  Gravity. 

Solidifying  Point. 

Melting  Point. 

Neutralisation  Value. 

Iodine  Value. 

At  15°  0. 

°C. 

°C. 

Mgrms.  KOH. 

Per  cent. 

0-9182-0-9289 

36-34  2 

42-442 

210 -8-217 -6 

71-8-72-2 

Horse  marrow  fat  is  pale  yellow.  A  specimen  of  freshly  rendered 
fat  had  the  acid  value  1-0,  and  a  sample  three  months  old  0-8. 


GOOSE  FAT 

French— (?rame  d'oie.    German— Gansefett.    Italian— G^-asso  d'  oca. 
For  tables  of  characteristics  see  pp.  684,  685. 

Goose  fat  (from  Anser  cinereus)  is  a  semi-pellucid,  pale  yellow  fat 
of  granular  structure.  It  consists  of  olcin,  palmitin,  stearm,  and  small 
quantities  of  glycerides  of  volatile  acids. 

The  proportion  of  soluble  fatty  acids  varies,  according  to  Young, 
from  0-7  to  3-5  per  cent,  calcidated  as  oleic  acid. 

There  are  added  in  the  tables  some  characteristics  of  the  tat  trom 
the  wild  goose  {Anser  ferus)  ;  the  iodine  value  of  the  latter  demon- 


Zink,  Forschungsberichte  Uber  Lebensmittel,  etc.,  1896,  441. 
2  Capillary  tube  method. 
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strates  that  the  fat  of  the  wild  goose  is  richer  in  olein  than  that  of  the 
domesticated  goose.-*- 

Lebedeff's  earlier  statement  ^  that  goose  fat  consists  of  70  parts  of 
triolein  and  20-30  parts  of  tripalmitin  together  with  some  tristearin 
hardly  merits  attention.  Klimont  ^  states  that  he  has  isolated  dipal- 
mitostearin,  but  as  the  melting  point  59°  C.  which  he  found  is  much 
lower  than  that  of  the  same  glyceride  isolated  by  Bomer,  by  a  much  more 
careful  series  of  recrystallisation,  and,  moreover,  as  the  proof  is  only 
based  on  saponification  values  obtained  with  extremely  small  quantities 
of  substance^  little  importance  can  be  attached  to  Klimont's  statements. 

Adulteration  of  goose  fat  with  about  20  per  cent  and  more  of  lard 
can  be  ascertained  by  determining  the  melting  point  and  solidifying 
point  according  to  Polenske's  method  (Vol.  I.  Chap.  V.).  With  pure 
goose  fat  differences  from  14-7  to  16-7°  C.  are  observed,  whereas  by  the 
addition  of  20  per  cent  of  lard  the  difierence  rises  to  17-3  and  17-5°, 
and  in  the  case  of  an  addition  of  30  per  cent  to  even  18-3°  C. 

1  Westplial,  English  Patent  27,138,  1911  ;  French  Patent  437,145. 

-  Zeitschr.  f.  phys.  Chem.,  1882,  142.  »  Monatsh.  f.  Ghem.,  1909,  341. 
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HUMAN  PAT 


French. — Graisse  d'homme.  German — MenscJienfelt. 
Italian — Gmsso  d'uomo. 

For  tables  of  .characteristics  see  p.  688. 

Human  fat  was  first  examined  by  Chevreul  and  afterwards  by 
Heintz. 

The  consistence  of  human  fat  approaches  that  of  butter.  On 
crystallisation  from  ether  Mitchell  ^  obtained  a  slight  deposit  of  crystals, 
melting  at  51-5°  C.  ;  imder  the  microscope  these  crystals  somewhat 
resembled  those  frequently  obtained  from  flare  lards.  Partheil  and 
Ferie^  obtained  pure  tripalmitin  on  removing  the  liquid  portion  by 
expression  and  crystallising  the  solid  portion  from  absolute  alcohol. 
In  the  liquid  portion  dioleo-stearin  was  identified.  Human  fat  may 
therefore  be  considered  as  consisting  chiefly  of  tripalmitin  and  dioleo- 
stearin  ;  neither  myristic  nor  lauric  acids  were  found  by  the  lithium 
salt  method.  In  the  light  of  these  numbers  the  statement  made  by 
Jaeckle  ^  that  the  mixed  fatty  acids  consist  of  4-9-6-3  per  cent  of  stearic 
acid,  16-9-21 -1  per  cent  of  palmitic  acid,  and  65-6-864  per  cent  of  oleic 
acid  must  be  accepted  with  reserve.  The  amount  of  unsaponifiable 
matter  was  found  by  Jaechle  to  be  0-33  per  cent ;  the  proportion  of 
lecithin  calculated  from  the  phosphorus  contents  was  0-084  per  cent. 

The  iodine  value  of  the  fat  of  new-born  babies  was  found  by  Kno^- 
felmacher  to  be  43-3.^  The  proportion  of  liquid  acids  increases,  how- 
ever, rapidly,  until  at  an  age  of  one  year  the  iodine  value  of  65  (67-25 
Langer)  is  found,  which  is  the  iodine  value  of  the  fat  from  adults.  (In 
the  case  of  young  pigs  Konig  and  SchlucJcehier  ^  ascertained  that  the 
iodine  value  decreases  with  the  age,  and  that  the  melting  point  of  the 
fat  increases  correspondingly.)  The  fat  of  well-fed  children  is  richer 
in  oleic  acid  than  that  of  underfed  ones.  The  influence  of  food  on  the 
iodine  value  of  the  fat  is  further  clearly  illustrated  by  the  statement 
made  by  Rosenfeld^  that  the  fat  of  Polynesians,  Uving  chiefly  on  cocoa 
nuts  resembled  somewhat  cocoa  nut  oil,  whereas  the  fat  obtamed 
from'  an  Eskimo  had  the  iodine  value  79— thus  showing  the  influence 
of  the  blubber  oil  taken  in  the  food. 

The  variations  in  the  chemical  characteristics  of  fat  from  the  various 
parts  of  the  human  body  do  not  interest  us  here,  and  the  reader  must 
be  referred  to  the  footnotes.  The  following  statement,  if  read  in 
coniunction  with  the  remarks  made  on  p.  669,  may,  however,  prove 
interesting  The  fat  taken  from  the  muscles  of  the  heart  of  a  person 
who  had  been  sufiering  from  fatty  degeneration  of  the  heart,  gave 
the  following  numbers  '  : —   ^  ^  

1  Analyst,  1896,  172.  '  ^rch.  d.  Phann.,  1893,  545. 

Zeit.,  1902,  1110.  'Lindeuianu,  Zeitschr.  f.  Biol.,  1899,  38  ;  405. 
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Saponification  valuo      ....  257'4 
Iodine  value        .....  108'55 
Reiohert-Meissl  value  .23-9 
Acid  value  .....  18-35 


According  to  P.  Hartley  ^  the  higher  fatty  acids  from  the  liver, 
kidney,  and  heart-muscle  include,  in  addition  to  saturated  acids  and 
acids  of  the  oleic  series,  considerable  amounts  of  acids  of  the  series 
C„H2„-402,  CftHan-gOg,  and  possibly  These  imsaturated 

fatty  acids  yield  on  bromination  additive  products  insoluble  in  ether, 
carbon  tetrachloride,  alcohol,  and  acetic  acid,  thus  resembling  the 
bromo-acids  of  the  series  CnH.2.n-8^2- 

Fat  extracted  from  human  hair  (Meyer  ^)  had  the  foUov?ing 
characteristics  : — 


Specific  gravity  at  60°  C.         .         .         .  0-9086 

Saponification  value  ....  200 
Iodine  value        .         .         .         .  .67 

Reichert-Meissl  value     ....  2-3 

Insoluble  fatty  acids  +  unsaponifiable  .         .  90  per  cent 

Unsaponifiable  matter    ....  3  per  cent 

Refractive  index  at  28°  C.       .         .         .  1-47009 


The  view  that  the  fatty  body  secreted  by  the  skin  contains  wool 
wax  has  been  shown  to  be  erroneous  by  Unna  and  Golodetz.^  Notable 
quantities  of  cholesterol  were  found.  Isocholesterol,  however,  could 
not  be  detected. 

When  decomposition  of  the  human  body  sets  in,  the  tissue  dis- 
appears first,  and  the  more  resistant  fat  is  converted  into  the  so-called 
adipocere  (French,  Adipocire ;  German,  Leichenwachs  ;  Italian,  Cera 
cadaverica),  a  hard  wax-like  mass  consisting  chiefly  of  fatty  acids  (cp. 
Vol.  I.  Chap.  I.),  and  lime  soaps  of  fatty  acids. 

Adipocere  was  first  described  by  Antoine  Franqois  Fourcroy,  who 
placed  it  together  with  cholesterol  (found  by  Conrad  in  1775  and  by 
Green  in  1788  in  the  biliary  calculi)  and  spermaceti  in  a  separate  class 
termed  "  adipocere."  SchmelcJc  *  examined  three  specimens  of  adi- 
pocere, with  the  following  result : — Melting  point,  62-5°  C. ;  insoluble 
fatty  acids,  83-84  per  cent ;  ash,  1-64-1-79  per  cent  (containing  83-84 
per  cent  CaO)  ;  unsaponifiable  matter,  16-7  per  cent ;  acid  value, 
197  ;  neutralisation  value  of  the  fatty  acids,  202-8-203-4  ;  iodine  value, 
14-14-2  ;  iodine  value  of  the  fatty  acids,  14-4.  According  to  Tarugi,^ 
adipocere  consists  chiefly  of  palmitic  acid. 

With  regard  to  fat  obtained  from  Egyptian  mummies^  cp.  W.  A. 
Schmidt.^ 

'  Journ.  Physiol.,  1907  (36),  17.  *  Ghe.m.  Zeit.,  1905,  1028. 

"  Jiiochem.  Jnurn.,  1909,  489.  Chcm.  ZeiL,  1902,  11. 

"  Gazz.  chim.  ital.,  34,  ii.  469  ;  Cliem.  Oentralbl.,  1905  (i.),  683.  The  statement  that 
adipocere  con.sists  chiefly  of  palmitic  acid  was  first  made  many  yeans  ago  (Wotheriii, 
Trans.  Amer.  J'kilos.  Soc).  Cp.  also  K.  Salkowski,  Zur  Kcnntniss  dcr  FcUwaclui- 
bidlunr/,  p.  20  (feHtschril't  I'.  R.  Virchow,  1891,  Berlin,  Reiiner). 

»  C'hcm.  Zr.iL.  1<)08,  709. 
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LARD^  HOG  FAT 

French — Saindoux,  Graisse  de  pore.  German — ScJmeinefeli. 

Italian — Strutto. 

For  tables  of  characteristics  see  pp.  694-696. 

"  Lard/'  originally  used  to  denote  the  fat  rendered  from  the  leaf 
of  the  pig,  i.e.  the  fat  from  the  kidneys  and  the  bowels. 

The  increased  consumption  of  lard  during  the  latter  half  of  the 
last  centuiy  (which  has  seen  the  rise  of  large  American  packing- 
houses manufacturing  lard  on  an  enormous  scale),  has  chiefly  con- 
tributed to  the  extension  of  the  above-given  definition  of  lard,  so  that 
at  present  lard  denotes  the  fat  from  any  and  every  part  of  the  hog. 

What  was  originally  termed  lard  is  still  being  sold  on  a  small  scale 
as  "  butcher's  lard "  and  "  home-rendered  lard."  Compared  with 
the  enormous  quantities  which  are  being  produced  in  the  slaughter- 
houses of  America,  especially  in  those  of  the  United  States,  the  amoimt 
of  lard  which  is  produced  locally  on  a  small  scale  has  become  an  in- 
significant quantity.  That  produced  in  large  municipal  or  private 
slaughter-houses  no  longer  consists  entirely  of  leaf  lard.  "  Bladder- 
lard  " — so  named  from  the  package — used  to  be  leaf  lard  rendered 
in  small  estabhshments.  This  term  is  still  used  to  denote  the  best 
quality  of  home  rendered,  as  also  of  American  lard  of  quaUty  (c)  (see 
below).  Another  quality  of  lard  sold  in  the  retail  trade  "as  "  keg 
lard  "  (so  named  from  the  package)  always  contains,  besides  leaf  lard, 
the  fat  taken  from  other  parts  of  the  animal. 

As  stated  already,  at  present  "  lard  "  denotes  the  fat  taken  from 
any  and  every  part  of  the  hog.  Implicitly  this  has  been  recently 
acknowledged  by  the  Adulteration  Laws  of  the  United  States,  accord- 
ing to  which  the  term  lard  is  defined  as  the  "  rendered  fat  from 
slaughtered,  healthy  ^  hogs  free  fi'om  rancidity  and  containing  no  more 
than  1  per  cent  of  substances  other  than  hog  fat."  The  production  of, 
and  trade  in,  lard  made  at  present  may  be  considered  as  being  com- 
pletely dominated  by  the  processes  and  trade  usages  in  vogue  in  the 
United  States,  especially  in  the  large  packing-houses  of  Chicago. 

The  rules  of  the  Chicago  Board  of  Trade  define  the  following  brands 
of  edible  lard  :— (a)  Neutral  Lard  No.  1  ;  (6)  Neutral  Lard  No.  2  {Imita- 
tion Neutral  Lard) ;  (c)  Leaf  Lard ;  (d)  Choice  Lard,  Choice  Kettle- 
rendered  Lard  ;  (e)  Prime  Steam  Lard.  These  brands  will  be  described 
here  in  the  order  in  which  they  are  produced,  so  as  to  give,  at  the  same 
time,  a  concise  account  of  the  manufacturing  processes  involved  in  the 
production  of  edible  lard. 

In  the  American  packing-houses,  in  some  of  which  up  to  10,000 
hogs  are  killed  per  day,  the  animals  are  driven  into  a  shackling  pen, 

'  Tliis  is  important,  us  in  the  State  of  Iowa  a  law  is  in  force  which  says  that  lard 
iiiaile  from  hogs  that  liavu  died  of  disease  may  be  sold  if  the  lact  lie  iiiontioncd  to  the 
purchaser  at  the  time  of  sale. 
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where  they  are  fastened  to  a  "  wheel  hog  hoist "  by  means  of  which 
they  are  hoisted  up  to  the  "  sticking  pen."  Immediately  after  they 
have  been  killed  they  are  delivered  autoniatically  by  a  travelling 
band  into  a  "  scalding  tub,"  from  which  the  carcasses  are  thrown  out 
and  carried  automatically  into  the  hog-scraping  machine,  where  the 
bristles  are  scraped  off.  The  carcasses  are  then  cut  up  immediately, 
and  in  the  first  instance  the  leaf  (French— yanne  ;  German— iresen, 
Flohmen  ;  Italian— SM(/na)  is  taken  out,  freed  from  the  flesh  and  skin, 
and  then  chopped  up  in  fat-cutting  machines  into  small  lumps  and 
thoroughly  washed  with  iced  water.  The  comminuted  mass  is  then 
delivered  into  jacketed  rendering  vessels,  in  which  it  is  heated  up  to 
a  temperature  of  40°-50°  C.  The  lard  so  obtained— (a)  Neutral 
Lard  No.  1— is  practically  neutral,  and  is  used  almost  exclusively 
in  the  manufacture  of  "  margarine "  (termed  in  America  "  oleo- 
margarine "). 

If  the  leaf  cannot  be  rendered  in  its  fresh  state  it  is  placed  in  re- 
frigerating rooms  until  it  can  be  worked  up.  The  first  method  can, 
of  course,  only  be  used  in  small  establishments,  whereas  the  latter 
method,  as  the  author  has  himself  seen  in  the  Chicago  stockyards, 
is  the  one  practised  on  a  large  scale.  Moreover,  it  is  claimed  that 
the  so-called  "  animal  flavour  "  is  more  efficiently  removed  by  a  pro- 
longed cooling  process. 

The  fat  from  the  back^  is  rendered,  in  a  similar  manner,  ihe 
sMn  is  either  removed  by  hand  or  by  a  back-fat  skinning  machine. 
This  lard  is  sold  as  (6)  Neutral  La/rd  No.  2  "  Imitation  Neutral  Lard  " 
(quoted  on  the  Kotterdam  Exchange  as  "  Imitation  Lard  ").  This 
fat  is  used  in  America  chiefly  for  the  purposes  of  confectioners  and 
biscuit  bakers.  On  the  continent  of  Europe  this  lard  finds  extensive 
use  for  the  same  purposes,  further  in  the  manufacture  of  margarme, 
and  also  as  an  adulterant  of  butter  (see  "  Butter-fat ").  ,  , 

Neutral  Lard  No.  1  and  Neutral  Lard  No.  2  (not  bemg  "  cooked  ) 
do  not  keep  well  and  cannot  therefore  be  used  like  "  leaf  lard  "  and 
"  steam  lard  "  for  domestic  purposes.  The  author  would  explam  this 
fact  as  being  due  to  the  enzymes  (which  he  considers  as  the  primary 
cause  of  the  incipient  stages  of  rancidity)  not  having  been  destroyed 
completely  at  the  comparatively  low  temperature  at  which  these  two 
brands  of  lard  are  rendered.  „     ,   ,     7  x 

(c)  Leaf  Lard,  Flare  Lard  ("flair  lard")  {Q&vm&n—Sfeckschnalz). 
—On  subjecting  the  residue  fi'om  (a)  to  steam  heat  under  pressui-e,  the 
leaf  lard  of  commerce  is  obtained.  Formerly  this  was  the  only  kind  ot 
lard  recognised  by  the  Chicago  Board  of  Trade,  and  was  then  prepared 
from  the  whole  leaf,  and  thus  embraced  the  three  quahties  described 
under  ia),  (6),  and  (c).  This  lard  is  not  exported,  but  is  consumed 
at  home.  The  Adulteration  Laws  of  the  United  States  now  define 
leaf  lard  as  "  the  lard  made  from  the  internal  fat  of  the  abdomen, 

1  The  back-fat  lard  is  separated  by  a  fascia  into  two  layers,  tlie 
melts  at  a  lower  temperature  than  the  inner.    This  l-^.  ^^^^^^^^^^  Ln)  0  £ 

hoes  reared  in  colder  climates  have  a  considerably  softer  (that  is  nctia  u  oie^^^^^^ 
fat  layer  than  the  hogs  reared  in  warmer  climates.    Such  difterences  are  not  noticeable 
iu  the  fat  of  the  inner  portions  of  the  body. 
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excluding  that  adhering  to  the  intestines,  and  having  the  iodine  number 
60."  The  "  cracklings  "  from  best  leaf-lard  are  mixed  with  bone 
meal  and  sold  as  chicken  food  under  the  name  of  "  azotine." 

The  portions  of  the  leaf  remaining  after  the  rendering  of  Neutral 
Lard  No.  1  are  fi-equently  put  together  with  the  residues  obtained 
in  the  preparation  of  Neutral  Lard  No.  2,  and  rendered  by  steam  heat 
either  in  open  steam-jacketed  kettles  or  in  autoclaves.  The  lard  so 
obtained  consists,  therefore,  exclusively  of  the  residue  from  Neutral 
Lard  N o.  2,  or  from  a  mixture  of  residues  from  Neutral  Lard  No.  1 
and  Neutral  Lard  No.  2.  This  lard  is  known  as  {d)  Choice  Lard,  Choice 
Kettle-rendered  Lard  (Fvench—Saindoux  de  choix).  The  open  steam- 
jacketed  kettles  are  a  survival  of  the  old-fashioned  open  kettle  in  which 
butchers  used  to  render  the  lard  over  free  fire.  Such  lard  had  the 
pecuhar,  pleasant  flavour  of  fried  fat  and  therefore  the  name  "  kettle- 
rendered  lard  "  has  been  retained  even  after  the  rendering  over  free 
fire  had  given  way  to  heating  by  means  of  steam.  In  large  establish- 
ments the  rendermg  is  carried  out  under  pressure  (in  digesters).  In 
some  establishments,  however,  the  jacketed  vessels  are  still  in  vogue  ; 
they  are  usually  square  tanks,  provided  with  one  or  more  circular  flue- 
pipes  passing  through  the  centre  of  the  tank,  so  as  to  distribute  the 
steam  over  as  large  a  surface  as  possible.  According  to  the  regulations 
of  the  Chicago  Board  of  Trade  "  choice  lard  "  is  defined  as  lard  made 
from  leaf  and  trimmings  only,  either  steam  or  kettle-rendered ;  the 
manner  of  rendering  must  be  branded  on  each  tierce.  Its  flavour  is 
much  superior  to  that  of  "  prime  steam  lard." 

After  this  lard  has  been  drawn  off  from  the  autoclave,  the  residue, 
termed  "  tankage,"  is  withdrawn  and  worked  up  in  the  fertihser 
department  (see  Chap.  XVI.). 

The  lowest  quality  of  edible  lard  is  (e)  Prime  Steam  Lard  (French— 
Samdouxa  la  vapeur  ;  Geiman—Dampfschmalz),  also  termed  "  standard 
prime  steam  lard,"  and  obtained  from  any  trimmings  not  used  up 
in  the  production  of  lard  (d),  and  all  other  parts  of  the  hog  that  will 
yield  lard,  with  the  exception  of  the  liver,  lungs,  the  intestines  proper, 
and  of  that  part  of  the  heart  which  is  free  from  fat,  etc.  This  quality  is 
rendered  in  digesters  in  a  similar  manner  to  (d).  This  lard  is  passed 
solely  on  inspection,  and  as  the  inspector  has  no  atithority  enabling 
him  to  supervise  rendering  establishments  in  order  to  secure  a  proper- 
control,  we  may  take  it  that  prime  steam  lard  consists  of  the  fat  from 
any  part  of  the  hog,  either  from  the  whole  animal  or  from  portions  of 
it  (head,  foot). 

As  stated  already,  these  qualities  are  used  for  edible  purposes  only. 

Lard  is  also  used  for  the  extraction  of  perfume  from  flowers  by 
the  "  maceration  process,"  in  which  the  flowers  are  dipped  in  the  fat 
previously  heated  to  about  80°  C.  and  expressed,  the  operation  being 
repeated  up  to  25  times. 

All  those  parts  of  the  hog  which  have  not  been  used  for  the  pro- 
duction of  edible  lard— such  as  "  guts,"  etc.— are  worked  up  in  auto- 
claves, in  order  to  obtain  the  last  portions  of  fat  they  contain.  Such 
fat  IS  known  as  "  yellow  grease  "  (see  Chap.  XVI.).    With  it  is  mixed 
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all  the  refuse  fat  resulting  in  the  course  of  rendering  the  edible  qualities. 
The  "  yellow  grease  "  is  generally  worked  up  together  with  any  hogs 
that  have  died  in  the  "  Stockyards."  This  quaUty  is,  of  course,  only 
used  for  manufacturing  purposes,  such  as  for  the  production  of  soap, 
low  quality  lard  oil,  or  "  grease  stearine." 

The  hogs  which  have  died  in  transit  are  rendered  for  fat  in  their 
entirety,  after  the  intestines  have  been  removed,  as  the  fat  from  the 
latter  would  discolour  the  resulting  grease.  The  grease  so  obtained 
is  sold  as  "  white  grease  "  for  manufacturing  purposes. 

The  intestines  which  have  been  removed  from  the  dead  animals 
are  worked  up  separately,  and  yield  a  grease  sold  as  "  brown  grease.'' 
This  is  used  for  the  manufacture  of  soaps  and  the  lowest  class  of 

commercial  lard  oil.  ■,        j  j. 

A  further  kind  of  grease—"  pig's  foot  grease  "—is  a  by-product 
obtained  in  the  glue  department  of  the  packing-houses.  It  also  finds 
an  outlet  in  the  manufacture  of  low-class  lard  oil  as  a  substitute  for 
Neat's  foot  oil,^  and  of  soap. 

In  this  section  only  lard  proper  will  be  dealt  with,  i.e.  aU  the  edible 
qualities  enumerated  above  fi-om  (a)  to  (e)  (cp.  Vol.  III.  Chap.  XV i. 
"  Greases  ") 

The  two'  qualities  of  "  neutral  lard  "  hardly  require  any  refining. 
After  the  clear  melted  lard  has  settled  in  the  jacketed  vessel,  it  is  run 
ofi  into  a  receiving  tank,  in  which  the  last  traces  of  water  and  any 
fibres  are  precipitated  by  sprinkling  salt  over  the  fat  (cp.  manufacture 
of  "  Premier  Jus,"  Chap.  XV.).  The  settled  lard  is  then  ready  for  use 
in  the  margarine  department  of  the  works,  or  is  run  into  tierces  tor 

ThTnext  qualities  of  edible  lard  usually  undergo  a  more  compli- 
cated process  of  refining.  This  consists  in  treating  the  melted  fat  in  a 
refining  vessel  with  fuller's  earth,  blowing  it  at  the  same  time  with  air. 
This  is  done  not  only  to  mix  the  lard  but  also  to  deodorise  those 
qualities  which  require  such  treatment.  The  treated  ^^ss  is  then 
pumped  through  a  filter-press,  from  which  the  clear  bleached  laid  is 
ruTover  horizontal  cylinders  cooled  by  brine.  In  small  establishm  nts 
a  single  cooler  is  used;  in  the  large  P-l--g-^«-^^%*7^lt"^/ 
cvlinders  arranged  side  by  side  in  one  open  tank,  are  usually  employed 
Sie'e  cyiinders'r^^^^^  slowly  in  the  warm  lard,  being  ™rsed  in 

to  about  half  their  diameter.  Whilst  -^-^-g^^^^^^^-^  J^^^a 
of  lard  which  is  quickly  chiUed  on  the  cooled  surface  and  foims  a 
cLti^uo^s  sheet  of  solidified  fat.  On  the  opposite  side,  before  the 
XderXs  again  into  the  warm  lard,  the  soHdified  mass  is  removed 
bv  a  scratr  and  faUs  into  a  trough.  In  this  trough  a  rotatmg  screw 
L^nveyeX  up  the  sheet  of  fat  and  carries  it  forward  into  a  mixei 
L  Sh  the  lard  is  agitated  by  a  --hanical  arrangement.  Here 
lard  stearine  is  added,  if  need  be,  to  "  stifEen    soft  laid. 

At  thr^tage  of  the  process  such  ingredients  as  are  mcorpomted 
with  lard  in  the  manufacture  of  "  Lard  Substitutes    (see  Chap.  XV.) 

are  also  added.  _ 
1  Fabriou,  Zeitschr.  f.  angew.  Chejn.,  1011,  ldl8- 


XIV 


LARD 


693 


The  finished  product  is  taken  off  by  a  pump,  which  delivers  the 
semi-solid  mass  through  a  range  of  strainers  into  the  vessels  ("  tierces  ") 
in  which  the  lard  is  shipped. 

The  object  of  the  agitation  of  the  lard  is  to  produce  rapid  solidifi- 
cation of  the  mass,  whereby  a  whiter  product  is  obtained  than  if  the 
lard  were  allowed  to  solidify  slowly.  Frequently  the  lard  is  blown  at 
the  same  time  with  air,  which,  becoming  entangled  during  the  agitation, 
assists  in  giving  a  whiter  colour  to  the  lard.  This  final  treatment  in 
the  agitator  imparts  the  smooth,  salve-hke  consistence,  and  also  pre- 
vents the  formation  of  crevices  in  the  finished  product  which  not  only 
render  the  lard  xmsightly,  but  also  increase  the  liability  to  rancidity 
by  the  more  ready  access  of  air.  The  mixing  in  the  agitator  and  the 
blowing  with  air  require  careful  observation.  If  not  carried  to  a 
certain  point,  liquid  portions  would  separate  out  in  the  tierces.  The 
author  has  not  infrequently  noticed  pools  of  fluid  fat  in  tierces  contain- 
ing lard  of  a  low  melting  point. 

The  machinery  used  in  the  large  American  packing -houses  has 
served  as  a  type  to  those  European  establishments  where  considerable 
quantities  of  lard  are  produced  {e.g.  in  Vienna).  Slight  alterations 
are  introduced  into  the  system  of  cooling,  as  the  quantities  produced 
are  not  always  large  enough  to  permit  the  installation  of  brine- 
cooled  cylinders.  In  such  cases  the  hot  lard  is  worked  off  in  mixing 
machines  between  roUers  where  lard  in  soHd  form  is  introduced  in  order 
to  induce  more  rapid  solidification,  or  even  lard  stearine  to  "  stiffen  " 
the  lard.  Just  as  in  the  manufacture  of  lubricating  greases  and  vege- 
table butters,  the  object  of  passing  the  lard  between  rollers  is  to  give  it 
a  smooth  appearance.  With  regard  to  the  manufacture  of  "  Lard 
Stearine  "  and  "  Lard  Oil  "  see  p.  741. 

Reliable  figures  representing  the  extension  of  the  lard  trade  in  the 
/United  Sates  of  America,  Canada,  etc.,  are  not  available,  but  some 
information  may  be  gathered  from  the  following  data  :— In  the  year 
1899  the  quantity  of  neutral  lard  consumed  in  the  production  of  mar- 
garine (oleomargarine)  amounted  to  31,297,251  lbs.  In  addition  to 
this  there  is  the  consumption  of  lard  in  the  United  States  and  the 
amount  used  in  the  production  of  lard  compoimds  (see  Chap.  XV., 
"  Lard  Substitutes  ").  The  bulk  of  the  lard  is,  however,  exported  to 
Europe. 
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The  exports  of  lard  from  the  United  States  in  lbs.  and  their 
value  in  dollars  is  given  in  the  following  table  : — 


Year. 

Lbs. 

Dollars. 

1896 

509,534,256 

33  589  851 

1897 

568,315,640 

29  126  485 

1898 

709,344,045 

,S9  71 0  fi72 

1899 

711,259,851 

42  208  4fi5 

1900 

661,813,663 

41  939  164 

1901 

611,357,514 

46  560  148 

1902 

556,840,222 

52  375  864 

1903 

490,755,821 

50  854  504 

VV/J  \Jv^y  fj 

1904 

561,302,643 

46,347,520 

1905 

610,238,899 

47,243,181 

1906 

741,516,886 

60,132,091 

1907 

57,497,980 

1908 

603,413,770 

54,789,748 

1909 

528,722,933 

52,712,569 

1910 

362,927,671 

43,301,156 

1911 

476,107,857 

52,509,217 

1912 

532,255,865 

52,090,441 

The  quantity  of  "  lard  compounds  "  and  "  lard  substitutes  "  ex- 
ported from  the  United  States  will  be  given  in  Chapter  XV.  under 
the  heading  "  Lard  Substitutes." 

The  following  figures  state  the  value  in  pounds  sterling  of  the  imports 
into,  and  the  re-exports  from,  the  United  Kingdom  of  lard  and  imitation 
lard  (see  above),  and  also  of  "  lard  substitutes  "  : — 


Imports  of 

Re-Exports  of 

Year. 

Lard. 

"  Imitation 
Lard."  i 

Lard. 

"  Imitation 
Lard."i 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911  . 

1912 

£ 

2,887,801 
3,068,975 
3,266,582 
4,037,689 
4,118,992 
3,870,774 
3,342,389 
3,692,573 
4,361,399 
4,491,539 
4,407,410 
4,858,020 
4,520,074 
4,251,753 
4,573,1.36 

£ 

89,025 
90,010 
98,629 
154,239 
284,830 
306,633 
238,668 
269,098 
358,492 
408,192 
306,700 
438,909 
603,444 
360.878 
434,023 

£ 

674,828 
810,903 
480,797 
551,512 
155,457 
189,982 
194,159 
419,257 
401,743 
379,481 
256,272 
032,782 
383,907 
504,984 
580,021 

£ 

11,875 
4,332 
2,276 
1,453 
6,548 
1,202 
1,652 
4,005 
8,500 
5,805 
2,145 
1,986 
4,652 
5,790 
3,384 

Very  large  quantities  are  shipped  to  the  French  ports  ;   and  to 

'  This  term  incluiliiig  bcsidus  "  iioiilral  iiiiilatiou  lard "  (see  abovo)  al.'io  lard 
sul)stitutes. 
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Eotterdam,  wliicli  is  the  chief  port  for  the  importation  of  lard  into 
Germany. 

A  reUable  estimate  as  to  the  European  production  is  at  present 
impossible.  The  author,  from  information  placed  at  his  disposal, 
estimated  that  the  value  of  lard  produced  in  the  United  Kingdom  was 
about  £1,100,000  in  1902.  Large  quantities  of  lard  are  produced  on 
the  Continent  in  Roumania,  Servia,  Hungary,  and  Austria.  Hardly 
any  lard  can  be  imported  into  Hungary  and  Austria  in  consequence  of 
the  enormous  import  duty  on  this  article. 

Leaf  lard  has  a  granular  texture  and  a  salve-like  consistence  and 
should  be  of  pure  white  colour.  The  lards  which  represent  mixtures 
from  all  parts  of  the  body,  especially  those  manufactured  in  large 
slaughter-houses,  have  no  longer  a  crystalline  texture,  as  the  object 
of  the  last  operation  in  the  manufactm-e  is  to  destroy  such  texture  and 
give  to  the  produce  a  smooth  appearance. 

The  lard  rendered  from  the  leaf  and  also  that  from  the  back  have 
an  agreeable  taste.  The  lower  quaUties  have  an  insipid  taste  ;  this 
disappears,  however,  on  standing.  Some  of  the  steam  lards  have  an 
"  animal  flavour,"  which  may  be  judged  by  an  inexperienced  person  as 
indicating  admixture  with  tallow  or  beef  "  stearine."  This  flavour 
also  disappears  on  standing  or  on  warming. 

Leaf  lard  is  the  hardest ;  the  lards  from  the  back,  etc.,  are  softer 
(see  below  under  "  Melting  point,"  p.  708).  The  consistence  of  a  lard 
is  not  only  conditioned  by  the  part  of  the  animal  from  which  it  has 
been  taken,  but  depends  also  on  the  food  which  has  been  given  to  the 
animal.  Hogs  fed  exclusively  on  acorns  yield  a  harder  lard  than  hogs 
fed  on  maize. 

Lard  consists  of  the  glycerides  of  lauric,  myristic,  palmitic,  stearic, 
and  oleic  acids,  and  small  quantities  of  Unolic  acid  (and  perhaps  also 
of  linolenic  acid).  Volatile  acids  are  absent,  as  maybe  seen  fi-om  the 
low  Reichert-Meissl  value.  The  proportion  of  stearic  acid  in  a  number 
of  commercial  lards  (determmed  by  the  method  described.  Vol.  I. 
Chap.  VIII.)  varied  from  6  to  24-91  per  cent.  The  statement  made 
first  by  Fahrion,  viz.  that  lard  contains  Imolic  acid,  is  confirmed  by 
the  fact  that  the  liquid  fatty  acids  of  lard,  especiaUy  of  American  lards, 
have  iodine  values  varying  from  93  to  106,  and  reach  even  115-5,  as 
the  author  has  ascertained.  "  Daturic  "  acid,  stated  by  Kreis^  and 
Hafner  to  occur  in  lard  as  a  mixed  glyceride  "  daturodisteann,  has 
been  shown  to  consist  of  a  mixture  of  solid  acids  (see  below). 

Bower  1  solated  by  fractional  crystaUisation  about  3  per  cent  oi 
palmito-distearin  and  2  per  cent  of  stearo-dipalmitin.  No  evidence 
could  be  obtained  for  the  presence  of  a  heptadecyhc  acid.  ,  ^ 

By  reducing  lard  in  the  presence  of  colloidal  palladium  (Vol.  i. 
p.  59)  Pad  mid  Roth  obtained  a  white  mass  of  tallow-like  consistence 

which  melted  at  56-60°  C.  ,    j  ,  x  4.1    •  ri-  p 

Farnsteiner  found  in  a  specimen  of  European  lard  (ot  the  lomne 
value  51-4)  the  following  percentages  of  solid  and  liqmd  acids  :— 

1  Zeits.f.  Unters.  d.  Nahrgs-  u.  Gcnussm.,  1913,  321. 
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Solid  Fatty  Acids. 

Liquid  Fatty  Acids. 

Lard  I.  (lod.  val.  51 '4)  . 
„    II.  ... 

Per  cent. 
41 '3 

42-2 

Per  cent. 
53*7 
(iod,  val.  93) 
53-1 

The  53-1  parts  of  liquid  fatty  acids  of  specimen  II.  were  resolved 
by  the  barium-salt-benzene  method  into  39-2  parts  of  oleic  acid  and 
13-9  parts  of  less  saturated  acids.  The  presence  of  linolic  acid  was 
proved  by  the  isolation  of  linolic  tetrabromide.  Since  a  brominated 
acid  of  the  melting  point  165°  C.  was  isolated,  the  inference  is  justified 
that  this  product  represents  a  mixture  of  linolic  tetrabromide  and 
linolenic  hexabromide. 

Twitchell  ^  calculated  the  composition  of  a  lard  (iodine  value  of  the 
mixed  fatty  acids  =  62-57)  as  follows  : — 

Per  cent. 

LinoUc  acid        ....    10  06 

Oleic  acid   49  39 

Solid  acids  (difference)  .         .         .    40  55 

The  iodine  values  of  the  two  fractions  of  liquid  acids  he  prepared  were 
109-35  and  118-20. 

The  composition  of  an  American  lard,  absorbing  65-78  per  cent  of 
iodine,  was  examined  by  Pariheil  and  Ferie,^  by  their  lithium  salt 
method.  The  analysis  detailed  in  the  third  edition  of  this  work 
(p.  780)  is  not  reproduced  here,  as  the  correctness  of  the  method  is 
open  to  doubt. 

On  treating  lard  with  95  per  cent  alcohol  some  glycerides  richer 
in  olein  than  the  bulk  pass  into  the  alcohol.  As  this  behaviour  is  of 
importance  for  the  detection  of  more  readUy  alcohol-soluble  oils  and  fats 
(such  as  cocoa  nut  oil)  in  lard  (cp.  p.  724),  the  results  of  several  ex- 
periments made  by  Arnold^  are  appended.  150  grms.  of  lard  were 
heated  with  110  c.c.  of  95  per  cent  alcohol  for  an  hour  on  the  water 
bath  under  a  reflux  condenser,  and  the  mass  then  allowed  to  stand 
for  4-5  hours  at  12-14°  C.  In  the  following  table  some  characteristics 
of  (I.)  the  original  lard,  (II.)  the  alcohol-soluble  portion,  and  (III.)  the 
alcohol-insoluble  portion  are  collated  : — 

'  Journ.  Soc.  Chem.  hid.,  189.'),  515  ;  cp.  2u(l  edition  of  this  work,  p.  567. 
-  Arch.  d.  Phurm.,  1903,  566. 
Zeits.  f.  (Inters,  d.  Nahrgs-  ii.  Qenussm.,  1907  (xiv. ),  179. 
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The  analytical  differences  between  lards  from  different  parts  of 
the  hog  are  summarised  in  the  following  tables.  Since  important 
differences  exist  between  North  American  and  European  lards,  owing 
to  the  modes  of  fattening  the  hogs,  I  consider  it  useful  to  differentiate 
as  far  as  possible  between  Em'opean  and  American  lards. 


European  Lards 


Fat  from 

Spec. 
Grav.  at 
100°  C. 
(Water 
15  =  1.) 

Melting 
Point  of 
Fat. 

Melting 
Point  of 
Patty 
Acids. 

Iodine  Value 
of 

Free  Fatty  Acids. 

Observer. 

Bema7ks. 

Fat. 

Patty 
Acids. 

c.c.  norm. 
KOH  per 
100  grms. 

Calculated 
to  Oleic 
Acid. 

°C. 

°C. 

Per  cent. 

Mean  re- 

Back 

0-8607 

3.3-8 

40 

60-58 

61-90 

0-54 

0-152 

Spaeth 

snlts  from 

examina- 

Kidney . 

0-8590 

43-2 

43-2 

52-60 

54-20 

0-58 

0-163 

tion  of  fats 

from  8 

Leaf  . 

0-8588 

44-5 

42-9 

53-10 

54-40 

1-28 

0-360 

) ) 

animals. 

North  American  Lards 


Fat  from 

Specific 
Gravity 
at  100°  0. 
(Water  at  15° 
0.=1.) 

Iodine 

Maumene 

Test 
from  40°  C. 

Melting  Point 
(Bensemann's  Method). 

Eefractive 
Index. 

Observer. 

Value. 

Drop  formed 
at°C. 

Melted  to  a 
clear  drop. 
-0. 

Butyro- 
refraotometer 
at  40°  C. 

Head 

0-8637 
0-86-29 
0-8631 

66-2 
66-6 
65-0 

•c. 

33 
,32 

34 

24 
24 
24 

44-8 

44-  8 

45-  0 

"Degrees." 
52-6 
52-5 
52-0 

Dennstedt 

and 
Voigtlander 

Back 

0-8611 
0-8621 
0-8616 

61-5 
65-0 
65-1 

37 
35 
38 

28-5 
28-5 
31-5 

48-5 
48-5 
46-0 

52-4 
51-8 
51-9 

Leaf 

0-8637 
0-8615 
0-8700 

62-  2 
59-0 

63-  0 

30 

26 
29 
28-5 

45 
44 
44-5 

51-  4 
50-2 

52-  0 

Foot 

(hooQ 
Ham 

0-8589 

0-8641 
0-8615 
0-8628 

68-8 

68-4 
66-6 
68-3 

38 

24 

26 
26 
26 

40 

45 
44 
44-5 

44-8 

51-9 
51-9 

53-0 

Ham 
(German) 

0-8597 

55-0 

30 

32 

46 

49-2 

Dennstedt 

and 
Voigtlander 
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The  following  table  due  to  Durier  ^  may  be  given  here.  No.  1 
represents  the  lard  from  hogs  fed  on  milk,  chestnuts,  and  acorns,  while 
No.  II.  is  derived  from  hogs  fed  on  milk,  potatoes,  and  barley. 


Oleo-refracto- 

Butyro- 

Betractive 

Iodine 

Free  Fatty 

meter. 

refractometer. 

Index. 

Acids. 

Fat  from 

At  45°  C. 

At  45°  C. 

At  45°  C. 

Value. 

Per  cent. 

I. 

n. 

I. 

n. 

I. 

n. 

I. 

n. 

I. 

n. 

Mesentery 

-13-5 

-15-5 

45-2 

44-4 

1-4560 

1-4555 

49-65 

46-19 

0-541 

0-462 

Caul  . 

-13 

-15 

45-4 

44-6 

1-4561 

1-4556 

49-65 

46-67 

0-313 

0-307 

Flair  . 

-13 

-14 

45-4 

45 

1-4661 

1-4559 

50-54 

47-60 

0-217 

0-257 

Ham  . 

-12 

-12 

45-7 

45-0 

1-4564 

1-4563 

53-59 

52-53 

0-352 

0-307 

Heart 

-11 

46-1 

1-4566 

55-37 

0-271 

Breast 

-  9 

-  '8-5 

46-2 

47' 

1-4571 

1-4573 

58-67 

58-64 

0-217 

0-282 

C  outer 

-10 

-  7 

46-4 

47-5 

1-4569 

1-4576 

57-91 

59-65 

0-149 

0-205 

Back-;  inner 

-13 

-10-5 

45-4 

46-2 

1-4561 

1-4567 

54-61 

55-08 

0-149 

0-231 

V  mixture 

-  11 

-  9-5 

46-1 

46-6 

1-4566 

1-4670 

56-64 

57-37 

0-149 

0-231 

Head 

-  8 

-  5 

47-2 

48-2 

1-4574 

1-4581 

61-46 

67-53 

0-217 

0-257 

As  a  corollary  I  add  the  following  table,  setting  out  the  percentages 
of  stearic  acid  in  lards  taken  from  different  parts  of  a  hog  : — 


Stearic  Acid. 

Fat  from 

Melting  Point. 

•c. 

Iodine 

Observer. 

Absorption. 

Per  cent. 

Meltinp  Point. 
"C. 

Head 

Ham 

Breast 

Flare 

Back 

Kidney  bed 
? 
? 

34-8 

34-  6 

36-  8 
40-0 

35-  6 
50 

37-  40 

67-7 
61-6 
64-2 

52-  8 
67-9 

53-  4 
58-6 
45-6 

8-67-9-47 
8-74-9-02 
11-84-10-9 
15-7-14-4 
8-59-9-2 

19-2 

22-3 

24-9 

67-8-66-2 
67 -5-67 -3 
67-2-66-8 
66-5-67-2 
67-66-5 

Heliner  and  Mitchell 
»»             1 ' 
)  1             1 ) 
) »             I ) 

Dunlop 

Ki-eis  and  Hafner 
Hehner 

Lard  derived  from  "  oily  hogs  "  differs  from  ordinary  lard,  as  1 
shown  by  the  following  table,  due  to  Richardson  and  Fareij? 

^.Ann.  desfalsific,  1909,  491. 
Joum.  Amer.  Ghem.  Soc,  1908,  1191. 
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Pure  lard  contains  small  quantities  of  unsaponifiable  matter. 
Allen  and  Thomson  found  0-23  per  cent,  Lewkowitsch  0-35  per  cent. 
The  bulk  of  the  unsaponifiable  matter  consists  of  cholesterol.  It 
should  be  noted  that  the  cholesterol  can  be  readily  obtained  in  well- 
formed  crystals.  As  to  the  importance  of  the  amount  of  unsaponifiable 
matter  in  the  examination  of  lard  for  adulterants,  see  below,  p.  719. 

Freshly  rendered  lard  is  practically  neutral ;  determinations  made 
by  several  chemists  of  the  free  fatty  acids  gave  the  following  numbers  : — 


Free  Fatty  Acids  as 
Oleic  Acid. 

No.  of 
Samples. 

Observer. 

Per  cent. 

0-280-0-420 

? 

Dietericli 

0-350-1 -000 

12 

Wiley 

0-098-0-564 

24 

Spaeth 

Lard  used  in  pharmacy  and  perfumery  is  usually  preserved  by 
"  benzoatiug,"  i.e.  by  adding  a  small  proportion  of  gum  benzoin  which 
apparently  arrests  the  progress  of  hydi'olysis. 

The  increase  of  acidity  on  exposure  to  air  in  loosely-corked  flasks 
is  numerically  shown  in  the  following  table,  together  with  the  fluctua- 
tions in  the  iodine  number  {Spaeth)  : — 


Free  Fatty  Acids  ;  c.c.  norm.  KOH 

per  100  grms. 

No. 

Freshly  1 

After  one 

After  three 

rendered. 

year. 

years. 

1 

0'6 

6-4 

32-0 

2 

0-45 

2-75 

23-0 

3 

0-75 

7-80 

31-6 

4 

0-80 

11-60 

50-01 

5 

1-25 

6-70 

36-0 

6 

0-35 

6-00 

30-0 

7 

0-45 

8-40 

23-0 

8 

0-55 

21-20 

41-3 

9 

1-45 

1-80 

10-0 

10 

0-55 

9-60 

30-0 

11 

1-60 

15-40 

46-0 

12 

0-65 

9-60 

33-0 

13 

0-60 

4-20 

18-0 

14 

0-50 

7-60 

32-0 

Iodine  Value. 


Freshly 
rendered. 


63-25 

61-  15 

62-  90 

62-  95 
57  -25 
55-88 
60-10 
55-80 
52-30 
57-08 

51-  75 

63-  61 

52-  35 
60-95 


After  one 
year. 


53-80 
55-45 
51-85 

48-  80 

49-  40 
47-80 

51-  04 
37-50 

52-  20 
46-70 
36-71 
49-00 
46-85 
52-72 


After  three  years. 


Fat. 


39-26 
39-37 

39-  56 
29-41 
26-51 
31-19 
41-08 
22-97 

40-  91 
33-69 
21-56 
38-04 
36-48 
36-03 


Liquid  Fatty 
Acids. 


74-51 
74-60 
72-48 

64-30 

69-20 


The  free  fatty  acids  were  separated  into  soluble  and  insoluble  acids 
by  washing  the  lards  with  hot  water.  Their  relative  proportions  were 
measured  by  the  amounts  of  normal  alkali  required  to  saturate  the 
free  acids.    The  following  table  gives  the  details  :— 


1  Coi-respondiug  to  14  per  cent  of  oleic  acid. 
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No. 

Free  Katty  Acids 
after  three  years' 
exposure. 

Soluble  Fatty  Aciils. 

Insoluble  Fatty  Acids.i 

c.c.  normal  Alkali 
per  100  grins. 

c.c.  normal  Alkali 
per  100  grnis. 

c.c.  normal  Alkali 
per  100  grms. 



1 

32-0 

4-5 

27  -5 

'2 

23*0 

47 

18'3 

3 

31-6 

4-2 

27-4 

50 '0 

8'1 

41-9 

5 

36 '0 

6-6 

29-6 

6 

30'0 

4-0 

26-0 

7 

23 '0 

3-4 

29'6 

8 

41-3 

7  "4 

33-9 

9 

10"0 

1-9 

8-1 

10 

30'0 

3-9 

26-1 

11 

46-0 

7-1 

38-9 

12 

33-0 

4-1 

28-9 

13 

18-0 

2-1 

15-9 

14 

32-0 

4-4 

27-6 

Lard  (like  butter  and  olive  oil)  used  to  be  adulterated  on  the  largest 
scale.  Beef  fat,  beef  stearine,  cotton  seed  oil,  cotton  seed  stearine, 
and  other  vegetable  oils  were  the  adulterants  most  frequently  em- 
ployed. In  the  United  States  of  America  admixture  with  foreign  fats 
and  oils  had  become  an  open  acknowledged  practice,  nay,  it  had  even 
been  claimed  that  the  addition  of  cotton  seed  oil  constituted  an 
improvement  in  the  manufacture.  Thus  the  American  brand  "  refined 
lard  "  was  found  to  be  a  mixture  of  lard  with  cotton  seed  oil,  and  a 
sufficient  quantity  of  beef  stearine  to  obtain  the  consistence  possessed 
by  pure  lard.  Owing  to  the  interference  of  the  law  in  this  and  in  other 
countries,  the  name  "  refined  lard  "  has  been  abandoned,  and  has  been 
replaced  by  such  terms  as  "  compound  lard  "  or  "  lard  compound." 
Some  of  these  artificial  preparations  did  not  even  contain  any  lard  at 
all,  being  judiciously  prepared  mixtures  of  beef  stearine  and  cotton 
seed  oU  or  cotton  seed  stearine.  These  are  now  sold  as  "  lardless  beef  " 
and  under  a  variety  of  other  fancy  names  (see  Vol.  III.  Chap.  XV. 
"  Lard  Substitutes '"'). 

Water,  which  was  often  used  as  an  acknowledged  admixture,  is 
not  common  at  any  rate  in  American  lards  imported  into  Europe. 
Adulteration  of  this  kind  may  be  practised  on  a  small  scale,  but  is 
of  little  importance  commercially.  It  may,  however,  be  stated  that 
in  some  countries  lard  containing  water  is  demanded  by  the  buyer. 
Thus  for  export  to  Cuba,  lard  is  prepared  which  contains  25  per  cent 
of  water.  In  this  case  water  cannot  be  looked  upon  as  an  adulterant 
as  the  admixture  is  openly  aclcnowledged.  Lard  so  prepared  was  sold 
a  few  years  ago  in  Europe  as  a  butter  adulterant  under  the  name  of 
"  lardine." 

In  Austria  refined  cocoa  nut  oil  is  largely  used  as  an  adulterant, 
sometimes  in  conjunction  with  tallow. 

'  Evidently  found  liy  ditluronce. 
VOL.  II  2/5 
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Polenske  ^  ascertained  that  lard  dissolves  about  0-45  per  cent 
of  water  at  96°  C,  and  0-15  per  cent  at  42°  C.  (which  may  be 
looked  upon  as  the  average  melting  point  of  lards)  ;  in  both  cases 
transparent  liquids  were  obtained.  If  a  larger  quantity  of  water  be 
present,  the  lard  is  no  longer  able  to  hold  it  in  solution,  and  forms 
then,  according  to  the  proportion  of  water  present,  either  a  turbid 
liquid  or  two  layers,  water  separating  out  as  a  lower  layer.  Larger 
amounts  of  water  than  those  stated  above  must  be  considered  as  not 
permissible.  {Polenske  determines,  with  the  aid  of  an  empirical  table, 
small  quantities  of  water  in  lard  by  observing  the  temperatures  at 
which  a  melted  lard  remains  clear.) 

I  shall  consider  here  chiefly  the  sophistication  of  lard  with  vegetable 
oils  (notably  cotton  seed  oil  and  cotton  seed  stearine)  and  beef  stearine. 
With  regard  to  the  latter  it  should  be  mentioned  that  the  admixtui-e 
of  5  per  cent  of  beef  stearine,  as  a  "  stifiener,"  was  openly  advocated 
by  the  trade  as  a  necessary  operation.  Such  admixture  is  now  con- 
sidered under  the  regulations  of  the  "  Foods  and  Drugs  Acts  "  of  the 
different  coimtries  as  an  adulteration.  In  order  to  "  stiffen  "*  soft 
lard,  lard  stearine  (see  p.  741)  is  now  used.  The  employment  of  the 
latter  did  not  come  into  vogue  previously,  as  it  reqiiires  four  to  five 
times  as  much  lard  stearine  as  it  formerly  took  of  beef  stearine  to 
obtain  the  desired  consistence. 

In  the  chemical  examination  of  a  sample  of  lard  very  little  im- 
portance should  be  attributed  to  the  outward  appearance,  which  was 
stated  some  years  ago  to  offer  a  ready  means  of  differentiating  adulter- 
ated from  genuine  lard,  the  adulterated  lard  being  supposed  to  exhibit 
a  more  or  less  polished  surface,  whereas  genuine  lard,  whether  crude 
or  refined,  was  said  to  show  a  fine  crystalline  texture  and  a  dull  wrinkled 
surface.  A  differentiation  of  genuine  lard  from  adulterated  lard  on 
the  strength  of  the  consistence  may  have  been  approximately  possible 
at  the  time  when  American  hogs  were  fed  on  wheat  and  the  lard  was 
hard  ;  but  smce  fattening  with  maize  and  also  with  cotton  seed  or 
cotton  seed  cake  has  been  resorted  to,  the  consistence  has  gradually 
become  that  of  soft  butter.  It  may  be  pointed  out  here  that  some 
Continental  chemists  endeavour  to  differentiate  between  American 
and  home-rendered  (leaf-)  lards  by  the  manner  in  which  the  melted 
lard  solidifies  ("  Wulstprohe,"  Langfurth  2). 

The  following  physical  and  chemical  methods  are  those  employed 
in  the  detection  of  adulterants  in  lard  : — 

Specific  Gravity— The  specific  gravity  should  only  be  considered 
as  a  very  rough  corroboration  of  other  tests,  since  some  of  the  usual 
adulterants  have  nearly  the  same  specific  gravity  as  pure  lard.  How- 

1  Arbeiten  a.  d.  Kaiserl.  Oc.sundheitsamte,  1907  (xxv.),  Heft  2,  p.  505.  Cp.  Fischer 
and  Sohellens,  Zdts.f.  UnUrs.  d.  Nahrgs-  u.  (lenussm.,  1908  (xvi. ),  163.  Polenske,  1911, 

'■  cC'SSsoSfeutSam.  ZM.,  1894,  350.  E.  Seitter  (Zeits.  f.  Untcrs.  d  Nahrgs- 
u  Gemtssm.,  1908  (xv.),  484)  Relieves  that  home-rendered  (German)  Inrd  can  be 
differentiated  from  American  lard  by  the  occurrence  of  small  quantities  of  soap  in  the 
former  lard. 
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ever,  as  some  analysts  still  attach  value  to  this  test  it  may  be  stated 
that  cotton  seed  oil  raises  the  specific  gravity,  as  also  does  arachis  oil. 
Therefore  a  sample  having  a  higher  specific  gravity  than  0-861  at 
100°  C.  must  be  looked  upon  with  suspicion. 

The  following  table  contains  some  specific  gi'avities,  reference  to 
which  will  be  found  useful ; — 


Specific  Gravity  of  Lard,  Lard  Adulterants,  and  Compoimd  Lards 


Kiud  of  Fat. 

Specific  Gravity  at  °C. 

Observer. 

37-8°  (100"  F.) 
(Water  37-8  =  1.) 

99" 

(Water  15-5  =  1.) 

100° 
(Water  40  =  1.) 

Pure  lard  . 

0-905-0-907 

0-8G0-0-861 

0-85997-0-86191 

Allen, 

Pattinsou, 

Crampton 

Lard  stearine  . 

0-8575-0-85792 

Crampton 

Cotton  seed  oil . 

0-868-6 -8725 

0-8672 

Pattinson,  Allen 

Cottou  seed  stearine 

0-86681-0- 86774 

Leone  and  Longi 

0-9H-0-912 

0-86463 

Allen,  Crampton 

Beef  stearine  . 

0-8570 

0-85444-0-85888 

Pattmson, 

Crampton 

Arachis  oil 

0-8673 

Allen 

Cocoa  nut  oil  . 

0-9ld-b-916 

0-8736 

Moore 

Compound  lard  No.  1 

0-86121-0-86222 

Crampton 

„          No.  1 

0-86289 

11 

Fairley  and  Cooke  ^  determined  the  specific  gravities  at  50°  0.  of  the 
following  mixtures  of  lard  and  cotton  seed  oil : — 


Mixtures  of 


I.  I  ir. 

Lard,  0'90038 ;  Cotton  Lard,  0-SP109  ;  Cotton 
Seed  Oil,  0-90879.       Seed  Oil,  0-S99D2. 


Lard  with  10  por  cent  of  cotton  .sccil  oil 
"        20      ,,       ,,  „ 

>>  )>       II  II 

I)       75      ,,  ,, 


0-90116 
0-90209 
0  •9030-2 
0-90494 
0-9073f3 


0-89246 
0 -89323 
0-89421 
0-89017 
0-39850 


Melting  Point. — Although  the  melting  point  of  a  sample  is  not 
in  itself  of  great  importance  (many  adulterated  lards  having  the  same 
melting  points  as  pure  lard),  still  its  determination  should  not  be  omitted. 
Tn  the  case  of  unadulterated  hog's  fat  it  is  possible  to  ascertain  from 
what  part  of  the  body  the  fat  has  been  rendered  ;  this  will  be  seen  by 
a  glance  at  the  following  table  : — • 


'  Journ.  Soc.  Chew.  Iiuf.,  1890,  1162. 
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Melting  Point  a  of  Lards  from  different  iiarls  of  Hogs — 
North  American  and  European 


Source. 

Fat  from 

Meltiug  Point. 
'  C. 

Observer.! 

American  . 

Foot  (lioof) 

35-1 

Wiley 

»; 

Head 

35-5 

Leg 

42-5 

Ham 

44-5 

) ) 

European  . 

Back 

33-8 

Spaeth 

Kidney 

43-2 

)  1 

Leaf 

44 

In  the  last  table,  one  number  only  is  given  for  the  melting  point. 
It  would  seem  that  this  melting  point  only  refers  to  the  final  point 
when  the  lard  in  the  capillary  tube  has  become  perfectly  transparent. 
Since,  however,  lard  in  the  process  of  melting  first  commences  to 
soften,  then  passes  through  a  stage  of  translucency  till  it  has  melted 
completely  to  a  transparent  liquid,  and  since  this  process  extends 
over  a  range  of  several  degrees,  the  interval  should  be  stated,  as  is  done 
in  the  following  table  ^  : — 


Melting  Points  of  Lards  (Lewkowilsch) 

Iodine  Value. 


Lard  from  the  leaf  of  an  English  hog  "  . 

411-48-9 

Lard  from  the  shoulder 

J)  • 

33-9-42-8 

Lard  from  the  loin 

7) 

33-9-42-2 

Lard  from  the  back 

39 

27-2-33-9 

Irish  bladder  lard  . 

35-6-46-1 

EngUsh  bladder  lard 

33-9-46 

American  lard 

28-9-4M 

American  lard 

33'0-42-0 

American  lard 

31-7-43-3 

American  lard 

30-0-4M 

Cp.  also  table,  p.  694. 

Goske,^  taking  the  solidifying  point  of  lard  similarly  as  is  done  in 
the  "  Titer  test,"  gives  the  following  numbers  : — 


'  Cp.  also  Dennstedt  and  Voigtliiuder's  table,  p.  701. 
2  Cp.  H.  Witte,  Zdtschr. ,/'.  aiigcw.  Chevi.,  1913,  10. 
^  English  lard  rendered  by  the  author  in  the  laboratory. 
•'  Journ.  Soc.  Chem.  Ind.,  1893,  470. 
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pjjf^  Solidifying  Toint. 

0, 

Home-rendered  lard      European  .  27-10-28-62 

2C-G4-29-34 
29-10-29-95 

Pure  steam  lard       .    North  American  .  24-10-26-00 
„  .  »  .  25-05-25-5 

„  .  „  .  26-40-27-06 

24-9 

„  .  .,  .  23-67-26-18 

Adulterated  lard       ....  30-50 
„  „  ....  29-73-29-80 

....  29-90-30-15 
„  „  ....  31-95-3300 

„  „  .         .         .         .  3.5-90-36-58 

•         .         .         .  35-50-35-75 

The  adulterant  in  the  last  samples  was  tallow,  the  presence  of  which 
was  masked  by  the  addition  of  lard  oil. 

Iodine  Value. — In  the  present  state  of  lard  manufacture  it  is  not 
possible  to  lay  down  limits  within  which  the  iodine  values  of  com- 
mercial samples  may  vary.  As  the  lower  limit  of  the  iodine  value 
of  European  leaf-lard,  46  was  given  in  the  second  edition  of  this  work. 
Duiing  the  last  few  years,  genuine  lards  rendered  in  the  author's 
laboratory,  from  the  leaf  only,  gave  values  as  high  as  53-6044:.  Yet, 
the  iodine  value  of  the  Hquid  fatty  acids  of  the  leaf-lard  absorbing  60-44 
per  cent  was  94-11  only.  Nor  can  the  "upper  limit  of  63,  given  in  the 
second  edition  of  this  work,  be  maintained,  as  recently  North  American 
lards  of  grade  (d)  have  been  imported,  having  iodine  values  exceeding 
even  70.  A  specimen  of  genuine  North  American  lard  examined  in 
the  author's  laboratory  absorbed  76-9  per  cent  of  iodine  (iodine  value  of 
liquid  fatty  acids  115-5).  Still,  a  lard,  the  iodine  value  of  which  falls 
outside  the  range  of  46  to  66,  should  be  looked  upon  with  suspicion,  or 
in  the  case  of  lard  above  66  as  inferior  lard  (see  table,  p.  711).  It  may 
be  here  pointed  out  that  the  lard  from  hogs  fed  on  copra  shows  iodine 
values  ranging  from  32-5  to  42-5  (cp.  p.  686).  The  characteristics  of 
such  lards  are  shown  in  the  following  table  due  to  Gibbs  and  Agcaoili  ^  : — • 


Refracto- 
meter 

reading  at 
40°  C. 

Saponi- 
fication 
Value. 

Iodine 
Value 
(Hanus); 

Iodine 
Value  of 
Fatty  Acids. 

Melting 
Point  of 
Fatty  Acids, 
Titre  Test. 

Maximum  . 

47-0 

213-7 

42-6 

4G-2 

42-3 

Minimum 

44-0 

204-6 

32-5 

3G-2 

39-4 

Mean  . 

45-3 

208-9 

37-7 

41-3 

40-4 

Of  course,  the  converse  does  not  follow,  namely,  that  a  sample  with 
an  iodine  absorption  wiUiin  the  Iin\its  named,  must  be  pure,  as  com- 

'  /'lii/i/i/iiiir    mrn.  of  Seinicfi,  1910,  S^. 
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binations  of  fats  of  low  (tallow,  cocoa  nut  oil)  and  Hgli  iodine  values 
(cotton  seed;  arachis,  maize  oils)  enable  the  adulterator  to  prepare  a 
variety  of  mixtures  wliicb  will  satisfy  the  limits  named  above.  There- 
fore a  normal  iodine  ahsorftion  cannoL  he  considered  in  itself  as  a  final 
proof  of  purity.  Thus  in  the  case  of  artificial  lards  made  from  steam 
lard,  tallow  stearine,  and  lard  oil/  to  the  exclusion  of  vegetable  oils, 
the  iodine  value  will,  as  a  rule,  lie  approximately  within  the  above- 
named  limits.  The  following  table,  due  to  Goske,  gives  the  iodine 
values  of  several  artificial  lards  calcidated  from  those  of  its  components, 
based  on  the  following  iodine  numbers  : — beef  stearine,  20 ;  steam 
lard,  65  ;  mutton  tallow,  40  ;  lard  oil,  85. 


Fat. 

Beof 
Stearine. 

Steam 
Lard. 

Mutton 
Tallow. 

Lard  Oil. 

Caloulatea 
Iodine  Value. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

10 

90 

60-5 

2 

15 

85 

58-25 

3 

70 

3© 

57 '50 

4 

25 

45 

30 

59-75 

5 

35 

25 

40 

57-27 

The  influence  of  exposure  on  the  iodine  value  of  lard  may  be  gathered 
from  the  table,  p.  704. 

Provided  adulteration  with  foreign  fats  be  excluded,  it  is  possible 
to  ascertain  with  some  measure  of  accuracy,  by  means  of  the  iodine 
value,  from  what  part  of  the  animal  the  lard  has  been  derived.  This 
is  shown  in  the  following  table  : — 


1  In  the  United  States  edible  lard  oil  is  too  valuable  to  be  nsed  for  purposes 
ailnlteration. 
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Source. 

Fat  from 

rodine  Value. 

Observer. 

Nortli  American 

Head 

85-03 

Wiley 

66-2-70-4 

V.  Raumer 

65'0-66-6 

Dennstedfc  and  Voigtlander 

66-0-69-7 

Mans 

63 

Dupont 

Foot  (hoof; 

77-28 

Wiley 

69-5-69-6 

V.  Raumer 

68-8 

Dennstedt  and  Voigtlander 

69-4 

-Mians 

65 

Dupont 

Back 

63-6-66-7 

V.  R.aumer 

64-7-66'3 

Mans 

61  •5-65-1 

Dennstedt  and  Voigtlander 

61 

Dupont 

Leaf 

58 

»» 

53-1 

Spaeth 

52-55 

Wiley 

60-4-66-7 

V.  Raumer 

59-63 

Dennstedt  and  Voigtlander 

63-3-65-0 

Mans 

Ham 

67-7-69-0 

V.  Raumer 

66-6-68-4 

Dennstedt  and  Voigtlander 

68-4-70-4 

Mans 

Guts 

60 

Dupont 

South  American 

Head 

59-7 

Tortelli  and  Ruggeri 

Back 

56-0 

>  >                >  > 

Paunch 

58-2 

11                » » 

Leaf 

54-2 

It  >i 

European — German  . 

Back 

53-0-58-5 

V.  Raumer 

61-7 

Leaf 

50-4 

»> 

Ham 

55  0 

Dennstedt  and  Voigtlander 

Italian  . 

Head 

59-2-68 

Tortelli  and  Ruggeri 

Back 

60-5-64-4 

) »  »i 

Paunch 

61-69-0 

Leaf 

53-1-57-4 

Steam  lard^  consisting  as  it  does  of  the  mixed  fats  from  all,  or  from 
different  parts  of  the  animal,  may  therefore  in  some  cases  have  a  normal 
value,  say  up  to  63,  in  other  cases  it  may  absorb  more  iodine,  even  as 
much  as  76-9  {LewJcowitscJi) . 

It  will  thus  be  obvious  that  the  iodine  value  of  the  fat  affords 
but  limited  information.  Nor  can  the  determination  of  the  iodine 
value  of  the  liquid  fatty  acids,  which  up  to  recently  did  furnish  reliable 
indications  of  admixture  of  vegetable  oils  and  fats  be  considered  as 
leading  to  a  definite  decision  regarding  the  presence  of  adulterants. 
Whereas  up  to  about  fifteen  years  ago  the  rule  held  good  that  in  the 
case  of  European  lards,  the  iodine  value  of  the  liquid  fatty  acids  varied 
between  90  and  96,  and  in  the  case  of  American  lards  between  95-2 
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and  106^  these  limits  no  longer  apply  ;  for,  whilst  Bomer  found  in  a 
Westphalian  lard,  rendered  by  himself,  the  iodine  value  of  the  liquid 
fatty  acids  at  103-5,  Lewlcowitsch  found  in  a  North  American  lard  as 
high  a  number  as  115-5  from  "  oily  hogs." 

Even  these  high  figures  are  exceeded  by  the  iodine  values  of  Chinese 
and  Japanese  lards  from  the  back,  and  of  their  liquid  fatty  acids,  as 
will  be  gathered  from  the  table  given  on  p.  719.  Chinese  lards  have 
been  imported  already  into  Europe  (Hamburg),  and  it  appears  also  that 
lard  from  Cochin-China  has  been  shipped  to  France. 

In  order  to  emphasise  the  importance  which  the  iodine  value  has 
in  the  examination  of  lard,  the  author  has  compiled  the  following 
tables  : — 


Iodine  Value  of 

Observer. 

Fat  or  Oil. 

Fat. 

I,iquid  Fatty 
Acids. 

Lard,  "  Western  Steam  Ijard  "  • 

,,      American  (18  samples) 

, ,  Cerlin  

,,      Vienna     .       .       .       .  • 
,,      Hungarian  .... 
,,      Kminianian      .       .       .  ■ 
,,      ISavariaii  (5  samples) 
,,      Westphalian    .       .       .  • 
,,     South  American 

Tfrjilinn                .         .         *  • 

IJeef  tallow,  Australian 

Berlin     .       .       .  • 
Hungarian 
Cotton  seed  oil,  American,  white 

yellow ,  • 

,1         11    Egyptian,  bleached  . 

yellow  . 
,,    Peruvian  . 
11        1 »    •       •       ■  ' 

Niger  seed  oil  

]\laize  oil  

Araehis  oil . 

llipe  oil     .       .       •       •       •  • 
Olive  oil  

65-4 

.'58 -4 -62 -9 

52-7 

60-9 
60-4 
59-5 
52-2-61-2 
52 
... 

38-3 

45-2 
38-6 
108-0 

107-  8 
106-5 

108-  0 
106-8 

104-6-105-7 

133-5 
122-0 
98-9 
101-1 
79-3-81-7 

104-5 

95-2-104-9 
98-115-5 
96-6 

96-2 
96-0 

92-  8-96-6 

93-  5-103-7 
92-8-100-6 

92-105-3 
92-2 

92-4 
92-7 
147-5 

147-  3 

146-  8 

148-  2 

147-  8 
141-9-144-5 

147-5 
140-7 
128-5 
l'20-7 
96-4-96-7 

Walleustein 
and  Einck ' 
Bomer  ^ 
Lewkowitsch 
Wallenstein 
and  Finck 

11 

1 1 

1 1 

V.  Raunier 
Bomer 
Tortelli  and 
Riiggeri 
1 1 

Wallenstein 
and  Finck 

11 

1 1 

1 1 

1* 

1 » 

1 1 

Bonier 
Wallenstein 
and  Finck 

1 1 

1 1 

11 

1 1 

Bomer 

Cocoa  nut  oil      .       .       •       -  • 

8-0 

54-0 

Wallenstein 
and  Finck 

1  Journ.  Soc.  Chem.  Jnd.,  1894,79. 
'■^  Zeits.  f.  Unlers.  d.  Nahrgs-  if.  Oanussm.,  1898,  5.59. 
Zeitschr.  f.  angew.  Che.m.,  1897,  210. 
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lodiiio  Value  of 

Source. 

Flit  from 

Fat. 

Liquid  Fatty 
Acids. 

\J  UoxSL  V  cX  • 

North  American 

Head  I. 
„  IL 
„  IIL 

Back  I. 
„  IL 
„  IIL 

Leat  I. 
„  IL 
„  IIL 

Foot 

Ham  I. 

„  11. 
„  IIL 

70 -0-70 -4 
66-2-66-4 

68 -  2-68 -4 
64 -6-64 -9 
63 -6-63 -6 
66 -5-66 -7 

66 -  4-66 -7 
62-7-62-9 

oU  4-dU  / 

69-  5-69-6 

67-  9-67 -9 

67-  7-67-9 

68-  7-69-0 

102-4 
97-8-97-6 
101-2 

101-  6-101-0 

102-  8-102-3 

100-  6-101-1 

103-  0-102-6 

97-  8-97-8 
uo  y 

98-  6-98-3 

101-  6-101-0 

99-  9-100-2 
103-0-103-2 

V.  Raumer^ 
) » 
) ) 

> » 

M 
»  I 
)  f 
M 
>  t 

South  American 

Head 
Back 
Paunch 
Leaf 

59-7 
56-0 
58-2 
54-2 

100-6 
96-4 
99-1 
92-8 

Tortelli  and  Riiggeri^ 
J »              » > 

i»  )) 

Italian 

I.  Head 
Back 
Paunch 
Leaf 
IL  Head 
liack 
Paunch 

TIL  Head 
Back 
Paunch 
Leaf 

IV.  Head 
Back 
Paunch 
Leaf 

68-  0 

64-  4 

66-  6 
57-2 

65-  9 
63-9 

67-  4 

59-  2 

60-  5 

61-  0 

00  i 

65-6 
61-9 

69-  0 
57-4 

98-2 

104-  2 

105-  3 

93-  3 
•  98-0 

98-  5 

99-  3 
95-5 

100-6 
97-9 

103-  3 
102-3 

104-  9 

94-  0 

Tortelli  and  Ruggeri 

n  >» 
» J                    » t 
»>                    1 » 
^1                    ) » 
n                    :  1 

M                                J  ) 
»)  >» 
)  «                                )  > 
»  »  H 
11                                J  » 

I  »  11 

II  t» 
11  11 
5  1                                7  J 

Owing  to  the  wide  variations  which  the  iodine  values  of  the  liquid 
fatty  acids  exhibit  at  present,  they  no  longer  aflord  the  same  certainty 
in  judging  a  sample  of  lard  as  they  did  some  years  ago  ;  we  must  even 
expect  that  the  iodine  values  of  genuine  lards  will  slowly  move  in  the 
direction  of  the  upper  limits.  Whilst;  then,  the  iodine  value  of  the 
liquid  fatty  acids  does  not  afford  a  definite  means  of  detecting  adultera- 
tion, still  the  determination  of  this  value  should  not  be  omitted,  since 
it  furnishes  cumulative  evidence  in  the  examination  of  those  samples 
which  must  be  regarded  with  suspicion.  If  the  iodine  value  of  the  liquid 
fatty  acids  of  a  sample  be  found  much  above  110,  a  presumption 
is  raised  that  adulteration  with  vegetable  oils — such  as  cotton  seed 
oil,  maize  oil — has  taken  place.  On  the  other  hand,  if  the  iodine 
value  of  the  liquid  fatty  acids  lie  much  below  90,  admixture  with 
cocoa  nut  oil  or  palm  kernel  oil  must  be  assumed. 

'  Xnl.nrhr.  f.  angew.  O/ic.iii.,  1897,  210.  ^  L'Oro.v,  1900,  April. 
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It  must,  however,  be  repeated  that  if  the  iodine  value  of  a  sample 
under  examination  is  found  within  the  permissible  limits,  the  lard 
cannot  yet  be  pronomiced  unadulterated.  The  admixture  of  a  liquid 
vegetable  oil  may  have  been  compensated  by  the  addition  of  cocoa  nut 
oil  or  to  some  smaller  extent  by  beef  tallow. 

This  test  must,  therefore,  be  supplemented  in  doubtful  cases  by 
special  tests  for  cocoa  nut  oil  and  for  tallow  (see  below). 

Thermal  Tests. — As  a  preliminary  test,  and  in  cases  where  a 
large  number  of  samples  must  be  examined  quicld}^,  the  rise  of  tem- 
perature on  mixing  with  concentrated  sulphuric  acid  or  with  bromine 
may  furnish  useful  results  in  a  short  time  ;  this  holds  especially  good 
of  the  second  reagent. 

Maumene  Test. — The  rise  of  temperature  which  occurs  on  mixing 
the  sample  with  sulphuric  acid  has  been  recommended  for  the  detec- 
tion and  even  for  the  approximate  estimation  of  cotton  seed  oil  in  lard 
by  Hehner,^  Ambiihl,  Wiley,  and  Engler  and  Rupp,  whereas  Williams 
failed  to  obtain  decisive  results.  Since  the  modern  methods  of  fat 
analysis  have  been  introduced  the  examination  by  the  Maumene  test 
has  become  superfluous.  In  the  opinion  of  the  author  too  much  value 
is  ascribed  to  this  test.  However,  as  it  is  still  being  used,  especiall}'-  by 
French  analysts,  the  following  notes  may  be  found  helpful  : — 

The  numbers  obtained  by  different  experimenters  vary  so  con- 
siderably, that  the  safest  plan  is  to  make  comparative  tests  with  pure 
specimens  of  lard  and  cotton  seed  oil  before  examining  the  sample. 
It  need  hardly  be  mentioned  that  the  sample  must  be  thoroughly  dry 
before  testing.  The  following  table  contains  a  few  numbers  obtained 
by  various  observers  : — 


'  Analyst,  13  (1888),  166. 
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In  order  to  obtain  more  decisive  residts  the  liquid  portion  prepared 
by  expression  may  be  also  examined  {Langfurth). 

Heat  of  Bromination. — -The  following  numbers  were  obtained  by 
Hehner  and  Milchell ;  tbe  iodine  values  calculated  from  the  tempera- 
tm-es  observed  are  collated  with  those  actually  found  with  Hubl's 
solution : —  ' 


Fat. 

Heat  of  Bromi- 
nation. Rise  of 
Temperature. 

II. 

Iodine  Value. 

RvTipriment, 

III. 

Iodine  Value 
calculated 
from  I. 

'C. 

rer  cent. 

Per  cent. 

Lard  N 

0.  1  

10-6 

57-15 

58-3 

)  > 

2  

10-4 

57-13 

57-2 

3  

11-2 

63-11 

61-6 

4  

11-2 

61-49 

61-6 

J ) 
» J 

5  

11-8 

54-69 

64-9 

1 } 

6  

11-8 

63-96 

64-9 

1 1 

7  

10-2 

57-15 

56-1 

8  

10-4 

57-80 

57-2 

n 

9  

9-0 

50-38 

49-5 

} ) 

10  

11-0 

58-84 

60-5 

Lard  + 

10  per  cent  cottop  seed  oil 

11-6 

64-13 

63-8 

Refpaetometrie  Examination. — The  refractometric  examination 
shoidd  only  be  employed  as  a  preliminary  test.  The  numbers  recorded 
in  the  following  tables  will  then  be  found  useful.  It  should  be  noted 
that  the  difference  between  European  and  American  lards  is  not  quite 
so  distinctly  shown  in  the  refractometric  indications  as  in  the  iodiiie 
absorption  numbers. 


Refractive  Indices  determined  by  means  of  the  Butyro-refradometer 


Kind  of  Fat. 

European. 

American. 

Scale  Divisions 
at  40°  C. 

Observer. 

Scale  Divisions 
at  40°  C. 

Observer. 

Lard  from  liead  . 

,,    'jack  . 
leaf  . 
,,      ,,    outer  part  of 
leaf 

Lard  from  belly . 
,,      ,,    intestines  . 
,,      „    foot  . 
,,      ,,    ham  . 

i»        n         »)  • 

50-2-50-4 
51-2 

50-7 
50-4 
49-0 

49-1  2 

Mansfeld 

n 

»» 
>l 
i» 

Bbmer 

52-52-6 

51-8-52-4 

50-  2-52 

44-8 

51-  9-53 
49-7-51-8» 

Dennstedt 

and 
Voigtliinder 

J  t 

1  9 

1 1 
J  > 

Bonier 

Beef  tallow 

49-0 

Mansfeld 

Horse  fat  . 

53-7 

)  J 

Cocoa  nut  oil 

35-5 

t  J 

Cotton  seed  oil  . 

61 

)i 

1  Journ.  Soc.  Cliem.  Tnd.,  1897,  88.  Liquid  Fatty  Acids, 

3  Liquid  Fatty  Acids,  43-1-44-/. 
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Deviations  in  the  Oleo-refraclomeier  {Amatjat  and  Jean) 


"Degrees "  in  tlie  Oleo-refractometer. 

I''at. 

Katly  Acids. 

-  12-5 

-30 

-  13 

-  30 

-  10  to  -11 

_  1  R  •    _  1  7 

A  Cl 

-34 

-  19 

_i_  1  n 
+  lU 

J-  9fi 

_L  OA 

—  lo 

-  12 

-  13 

-  14 

-  33 

-  10 

-  8 

-  7 

-  6 

-  5 

-  4 

0 

-  3 

- 11 

1 

-  7 

-  4 

-  3 

-  2 

+  1 

-  8 

-  23 

-20 

-  24 

-  8 

-  13 

-22 

-54 

Kind  of  Fat  or  Oil. 


Lard 

Steam  lard 
Lard  stcariiie 


Beef  tallow 

,,  stearine 
Veal  tallow 
Cotton  seed  oil  . 

,,  stearine 
Sesame  oil 
Arachis  oil 


cotton  seed  oil 


Lard  with  10  per  cent  of  beef  tallow 
„  „  20  „ 
11  11  50  11 
II  II  II 
II  II  10  II 
II  11  1  I » 
■  1  II  20 
II  II  25  ,, 
11  11  '^^  II 
11  „  40  ,, 
II      1 1  50 

1,      II     5     ,,  „  stearine 

II  11  lO  ,1 
II  11  20  ,, 
11      1 1    >^0  ,, 

40 

II      11  II 
II     11    50  ,, 
Lard  with  20  per  cent  of  arachis  oil  . 
,,    20      ,,  sesame  ,,  . 

,,   40  per  cent  ;  beef  tallow  40  per  cent 
cotton  seed  oil  20  per  cent  . 
Steam  lard  60  per  cent ;  beef  tallow  15  per 

cent ;  arachia  oil  25  per  cent 
Lard  60  per  cent;  mutton  tallow  25  percent 
arachis  oil  15  per  cent 


Cocoa  nut  oiL 


From  the  following  table,  due  to  Dupont,^  it  will  be  seen  that  American 
lards  show  smaller  deviations  than  European  lards  ;  if  judged  solely 
by  the  standard  of  European  lards,  they  might  be  rashly  condemned 
as  containing  cotton  seed  oil  : — ■ 


'  ./(iitiii,.  ,S()C.  Chem.  Ind.,  1895,  828. 
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American  Lard. 

Oleo-refractometer. 
Deviation. 

Iodine  Value. 

From  leaf 
,,  back 
,,  intestines 

liead 
„  foot 

-11-5 
-5 
-7 
-7 
-4 

58 
61 
62 
63 
65 

Gilt  lard 
Rancid  lard  . 
,,      lard  . 

—  i  i 
-  7 
-6-5 

60 
63 
64 

The  influence  of  rancidity  on  the  refractometric  index  is  illustrated 
by  the  numbers  given  in  the  following  table  ;  they  are  contrasted  with 
the  Reichert-Meissl  values  {Spaeth)  :— 


"  Degrees  "  in  the  Butyro-refracto- 

Reichert-Metssl 

meter  calculated  lor  25°  C. 

Values. 

After  1  year. 

After  3  years. 

After  3  years. 

59-35 

62-60 

60-21 

62-30 

4-3 

60-49 

62-45 

9-36 

57-71 

58-75 

1-32 

60-35 

62-70 

61-35 

63-10 

3-74 

58-14 

63-1 

The  refi-active  indices  rise  in  the  same  proportion  as  do  the  ioduie 
values.  This  is,  of  coui'se,  due  to  the  influence  of  the  unsaturated 
fatty  acids  (the  amount  of' which  is  indicated  by  the  iodine  value)  on 
the  refractive  index.    This  wiU  be  gathered  from  the  following  table  :— 


[Table 
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Lard. 


'Chinese  Lard 
Chinese  fat  from  back 
Japanese  fat  from  back 
Japanese  fat  from  ham 
English  lard  from  : — 

Leaf 

Leaf 

Kidney  bed 
Kidney  bed 
Kidney  bed 
Leg 
Leg 
Leg 

Head  (cheek) 
Back 
Back 
Back  . 


Butyro-re- 
fractometer. 
"Degrees  " 
at40°C. 


Iodine  Value 


Of  Fat. 


50-  0-53 -7 
53-3-54-4 
53 -8-57 -3 

51-  4-55-9 

48-4 
48-1 
48-3 

48-  2 

49-  2 

48-  6 

50-  0 
50-0 

49-  4 
49-0 

49-  7 

50-  7 


58-1-82-01 

79-  80-8 

80-  0-101-7 
71-5-98-6 


55 
53 
55 
53 
58 
57 
64 
65 
62 
58 
64 
67 


Of  Liquid 
Fatty  Acids. 


113-3-121-7 
124 -2-138 -7 
111-1-131-5 


Solidifying 
Point. 

°C. 


30-5-32 
30-5-31 
33-3-33 
33-7-35 
27-0-27 
29-0-30 

24-  3-25 

27-  6-27 
26-0-26 

28-  0-28 
26-7-26 

25-  3 


Melting 
Point. 


47 

50 
43 

37 


38 
36 


Observer. 


f  arnsteiner  ^ 


Dunlop 


>> 

n 


The  determination  and  investigation  of  the  unsaponifiable 
matter  is  of  importance  in  the  examination  of  a  suspected  lard. 

In  the  early  years  of  lard  manufacture  on  a  large  scale,  adulteration 
with  paraffin  wax,  up  to  20  per  cent,  had  been  practised  in  the  United 
States  ;  but  this  mode  of  adulteration  was  soon  abandoned.  During  the 
last  few  years  American  lards  have  been  imported  containing  about 
2  per  cent  of  unsaponifiable  matter,  consisting  chiefly  of  paraflin  wax.^ 
This  may  have  been  introduced  into  lards  adulterated  with  vegetable 
fats,  m  order  to  defeat  the  indications  furnished  by  the  phytosteryl 
acetate  test.  But  if  this  be  the  only  reason,  the  adulteration  would 
be  a  very  clumsy  one,  for  the  added  paraffin  wax  would  amount  to  over 
1-5  per  cent  of  the  lard,  a  quantity  that  can  be  readily  recognised  by 
the  appearance  of  the  acetylated  unsaponifiable  matter  when  crystallis- 
ing It  from  alcohol.  A  rapid  "  sorting  test  "  for  the  detection  of 
paraffin  wax  in  lard  is  given  as  follows  :  3  c.c.  of  the  melted  fat  and 
10  c.c.  of  a  mixture  consisting  of  equal  volume  of  absolute  alcohol  and 
chloroform  are  heated  until  a  clear  solution  results  and  then  cooled  in 
cold  water.  Thompson  and  Hurst  ^  state  that  1-5  per  cent  of  paraffin 
wax  gave  a  turbidity  within  3  minutes.  (As  to  another  likely  reason 
for  the  large  amount  of  added  paraffin  wax,  see  below,  "  Wesson's 
test.")  Polenske^  has  shown  that  quantities  faUing  below  0-1  per  cent  of 
paraffin  wax  (reckoned  on  lard)  are  sufficient  so  to  depress  the  melting 
point  of  the  acetates  in  the  phytosteryl  acetate  test  that  the  presence 
of  vegetable  fats  in  a  lard  would  no  longer  be  recognised.*' 


In  four  specimens,  82-1-85. 
Xcits.  f.  (Inters,  d.  Nahrg.H-  u.  Ocwusxin.,  1905  (.x.),  70. 
Olig  and  Tilhnan.s,  Zcitn.  /.  UnlerH.  d.  Nahrqs-  u.  Genus.wi. 
*  Ohevi.  News,  1910,  109. 

■  Arbeilen.  a.  d.  Ka  iserl.  Oesuiidheilsamte,  1905,  .xxii.  570. 
"  Cp.  Vol.  I.  584. 


1905  (i.x.),  597. 
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Whereas  adiilteration  with  vegetable  oils  and  fats  can  be  detected 
with  certainty  by  the  phytosteryl  acetate  test,  the  recognition  of  beef 
tallow  and  beef  stearine  ("  oleostearine  ")  presents  considerable  diffi- 
culties, the  more  so  as  small  quantities,  down  to  5  per  cent,  may  repay 
the  cost  entailed  in  the  mixing. 

In  the  following  lines  special  methods  for  the  detection  of  the  more 
important  adulterants  are  indicated. 


Vegetable  Oils  and  Fats 

The  phospho-molybdic  acid  test  (Vol.  I.  Chap.  VII.)  has  been 
recommended  by  several  observers  as  a  method  to  indicate  with  cer- 
tainty the  presence  of  vegetable  oils  in  lard.  The  author  has,  how- 
ever, shown  1  that  a  slightly  rancid  lard  also  reduces  the  reagent,  and, 
furthermore,  that  an  admixture  of  less  than  15  per  cent  of  cotton  seed 
oil  with  pure  lard  cannot  be  thus  detected.  This  test  can  therefore 
only  be  admitted  as  a  preliminary  one.  The  author's  experiments 
have  been  repeated  and  confirmed  by  other  observers  {Samelson  and 

'  The  surest  proof  of  the  presence  of  vegetable  oils  is  obtained  by 
the  phytosteryl  acetate  test.^  Even  1-2  per  cent  of  vegetable  oUs 
may  thus  be  detected.  Since  this  test  is  somewhat  cumbersome  and 
lengthy  in  the  practice  of  an  analytical  chemist,  and  will  therefore 
only  be  resorted  to  when  other  methods  fail  to  give  a  decisive  answer, 
the  determination  of  the  iodine  value  of  the  sample  and  of  its  Hquid 
fatty  acids  should  be  looked  upon  as  the  readiest  means  of  furnishing 
preliminary  information. 

If  the  probable  presence  of  a  vegetable  oil  has  been  mdicated  by 
an  abnormally  high  iodine  value,  one  of  the  foUowing  four  oils  should 
be  specially  looked  for  :— Arachis  oH,  sesame  oil,  cotton  seed  oil  (cotton 

seed  stearine),  maize  oil.  ,    ,  ^  n  x  ^i, 

Apaehis  Oil.  — This  can  be  approximately  calculated  ti'om  tne 
amount  of  arachidic  acid  obtained.  It  should  be  emphasised  that  it  is 
necessary  to  determine  the  melting  point  of  the  "  arachidic  acid  ;  it 
it  be  foimd  to  be  below  70°  C,  the  precipitate  must  be  recrystallised.  ^ 
Sesame  Oil.— This  would  be  readily  detected  by  Baudoiim  s 
reaction  It  should,  however,  be  noted  that  quite  recently  Konig  cvitd 
ScJduckebier  ^  demonstrated  that  on  feeding  pigs  with  sesame  cake  the 
substance  which  gives  the  Baudouin  reaction  passes  mto  the  body  tat. 
This  was  proved  by  examining  the  fat  taken  from  five  difierent  parts 
of  the  animal  (head,  back,  leaf,  ham,  intestines)  which  had  served  for 
the  experiment. 

1  Lewkowitsch,  Juurn.  Sue.  Cham.  Ind.,  1894,  619. 

■i  Klamroth,  Inauff.  Dissert.,  Munich,  1911. 

:)  Cp  W.  B.  Smith,  Joarn.  Amcr.  Chcm.  Soc,  1907,  1/^b. 

■>  Zeits.f.Unlers.  d.  Nahrgs-  w.  Genussm.,  1908  (xv.),  648. 


XIV 


LARD 


721 


Cotton  Seed  Oil  (Stearine).  —  For  the  preliminary  detection  of 
cotton  seed  oil  or  cotton  seed  stearine  in  lard  the  colour  reactions 
described  p.  203  may  be  employed.  The  most  useful  amongst  these 
is  the  Halpheti  test.  It  has  been  stated  already  that  an  over-estimation 
of  the  indications  furnished  by  this  test  may  lead  to  gi-ave  errors.  If  a 
positive  HaljjJien  colour  reaction  has  been  obtained,  the  presumption 
is  raised  that  the  sample  of  lard  is  adulterated  with  cotton  seed  oil. 
It  must,  however,  be  distinctly  understood  that  no  more  than  a  pre- 
sumption is  raised,  for  a  positive  test  does  not  indicate  with  certainty 
that  cotton  seed  oil  is  present,  nor  does  a  negative  test  prove  its  absence. 
For,  as  pointed  out  already,  the  colouring  matter  contained  in  cotton 
seed  passes  into  the  lard  from  hogs  fed  on  cotton  cake.  This  has 
been  placed  beyond  doubt  by  several  observers  {Langfurth^  Soltsien^ 
Fulmer  ^).  Hence  it  would  be  entirely  misleading  to  conclude  from  a 
positive  Halphen  reaction  that  cotton  seed  oil  is  present.  More  erroneous 
still  would  it  be  to  judge  from  the  depth  of  the  tint  as  to  the  approxi- 
mate amount  of  cotton  seed  oil  present.  I  lay  stress  on  this,  as  attempts 
have  been  made  to  convert  the  Halphen  test  into  a  colourimetric 
quantitative  reaction.  Langfurth  has  shown  that  lard  obtained  from 
a  hog  fed  experimentally  on  cotton  cake  gave  as  strong  a  colouration 
as  was  obtained  by  a  mixture  of  lard  with  30  per  cent  of  cotton  seed  oil ; 
he  therefore  rightly  points  out  that  the  quantity  of  lard  obtained  from 
a  single  hog  fed  on  cotton  cake  would  be  quite  sufficient  to  contaminate 
a  tank-car  of  lard,  so  that  the  mixture  would  give  a  very  distinct 
colouration  in  the  Halphen  test. 

Fulmer  has  more  recently  carried  out  systematic  experiments  by 
feeding  pigs  with  cotton  seed  meal  and  testing  the  fat  obtained  from 
different  parts  of  the  body  of  the  animal.  The  chromogenetic  sub- 
stance in  cotton  seed  oil  passes  into  all  parts  of  the  body,  but  the 
intensity  of  the  Halphen  test  was  found  greater  in  the  fat  from  the 
leaf  and  back  than  in  that  from  the  head.  Judged  solely  by  the  Hal- 
phen test,  the  conclusion  might  have  been  derived  that  some  of  the 
lards  contained  up  to  15  per  cent  of  cotton  seed  oil. 

Dunlop^  confirmed  this  by  examining  lards  from  a  pig  which 
had  been  fed  for  six  weeks  with  decorticated  cotton  seed  meal  (from  1 
to  1-5  lb.  per  day).  The  numbers  in  the  last  column  of  the  following 
table  give  the  percentages  of  cotton  seed  oil  that  might  have  been 
judged  to  be  contained  in  the  lards,  if  the  Halphen  test  alone  were 
taken  as  the  guide. 

'  Zeitschr.f.  angew.  Chem.,  1901,  685. 
2  Ze.it.ichr.  f.  njfentl.  Chem.,  1901,  140. 

Jonrn.  Amcr.  C/iem.  Soc,  1902,  1148  ;  1904,  837. 

./oiirn.  ,Soc.  Ohm..  Ind.,  1906,  458. 
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Lard  f  rom  a  I'iij  fed  on  Collon  Seed  Meal 


Pflrt  of  Animiil. 

Tnfliiitt  \'(iliiH 

Bulyro-rerrac'to- 

iiipt'Oi'  (if  A(V 

"  Degrees." 

Cotton  Seed  Oil, 
by  Halphen's 
colour  test. 
Per  cent. 

Shoulder  . 

67-8 

50-7 

10 

Leg  .... 

65-1 

50-3 

8 

Back  .... 

64-8 

50-0 

10 

Leaf  .... 

58-3 

49-0 

2 

Kidney  bed 

58-3 

49-0 

6 

If  therefore  on  examining  a  specimen  of  lard,  a  colouration  has  been 
obtained,  further  tests  must  be  applied,  especially  the  phytosteryl 
acetate  test.  Indeed,  Tolman  ^  has  shown  that  the  lards  obtained  by 
Fuhner  from  pigs  fed  on  cotton  seed  meal  gave  normal  numbers  in 
the  phytosteryl  acetate  test.  In  the  absence  of  vegetable  fats  a  positive 
Halfhen  test  would  therefore  indicate  that  feeding  with  cotton  seed 
or  cotton  seed  meal  had  taken  place.  If  employed  with  due  pre- 
caution, the  Halphen  test  will  be  found  a  very  useful  preliminary  test, 
especially  in  those  cases  where  a  large  number  of  samples  must  be 
examined  rapidly.  A  negative  Hal]}hen  test,  as  has  been  pointed  out 
already,  does  not  prove  the  absence  of  cotton  seed  oil,  since  cotton 
seed  oils  which  have  been  heated  do  not  give  a  colouration  with  Hal- 
phen's reagent. 

If  the  Hal]}hen  reaction  gives  a  negative  result,  the  nitric  acid  test 
may  be  usefully  applied  as  a  further  prelimmary  one,  for,  as  shown 
above  (p.  204), 'cotton  seed  oil  after  heating  still  gives  a  brown  coloura- 
tion. But  it  must  be  remembered  that  lards  from  hogs  fed  on 
cotton  cake  also  give  a  brown  colour.  Still,  the  absence  of  a  brown 
colouration  may  indicate  the  absence  of  any  considerable  quantities  of 
cotton  seed  oil. 

The  reduction  of  silver  nitrate  (by  any  of  the  methods  described 
p.  205)  by  no  means  proves  the  presence  of  cotton  seed  oil.  Lard 
obtained  from  hogs  fed  on  cotton  cake  reduces  the  Becchi  reagent 
strongly.  Even  lards  obtained  from  normally  fed  hogs  occasionally 
reduce  silver  nitrate  solution  {Wesson,^  Mariani,  Bevan  ^ 

As  an  example  a  specimen  of  lard  examined  in  the  author's  laboratory 
gave  the  following  indications  : — 


76-5 
115-5 
0-35  per  cent. 


Iodine  value  of  lard 

Iodine  value  of  the  liquid  fatty  acida  . 
Unsaponifiable  matter 

Halphen  test ;  a  slight  colouration  was  observed,  such  as  would  be  indicated 
by  a  lard  containing  an  admixture  of  about  6  per  cent  of  cotton  seed  oil^  


'  Juurn.  A7iier.  Chem.  Sue,  1905,  589. 
Juurx.  Chem..  Sac,  1894,  Abstr.  II.  75.  '  AHalysl,  1894,  88. 


XIV 


LARD 


723 


The  high  iodine  value  in  conjunction  with  tlie  positive  Halphen 
test  raised  the  presumption  that  this  lard  was  adulterated  with  cotton 
seed  oil.  Hence  the  examination  by  the  phytosteryl  acetate  test 
became  imperative. 

A  preHminary  microscopic  examination  of  tlie  unsaponifiable 
matter  (cp.  Vol.  I.  Chap.  IX.  (a))  showed  that  phytosterol  was  absent, 
the  characteristic  crystals  of  cholesterol  only  having  been  observed. 
The  unsaponifiable  matter  was  then  examined  by  the  method  described 
(Vol.  I.  Chap.  IX.)  with  the  following  result : — 

Crystals.  Melting  Point. 

°  C. 

2nd  crop      .         .    ■     .         ,         .         .  113 

3rd  crop  114-114-5 

4th  crop       ......  115 

^th  crop  113-114 

From  these  results  it  became  evident  that  the  lard  was  free  from 
cotton  seed  oil  or  any  other  vegetable  oil. 

As  lard  gives  a  liquid  product  with  sulphur  chloride,  which  is 
soluble  in  carbon  bisulphide,  cotton  seed  oil  may  also  be  detected 
qualitatively  by  means  of  that  reagent  (B.  Warren,  Jones  i).  In  the 
presence  of  cotton  seed  oil  a  hard  mass  partly  insoluble  in  carbon 
bisulphide  is  produced. 

The  author  ha,s  tried  this  method  and  found  it  useful  as  a  prelim- 
inary test.    His  observations  are  given  in  the  following  table  : — 


Mixtures  of  Lard  and  Cotton  Seed  Oil  {LewJcowitsch) 

5  grms.  of  fat  dissolved  in  2  c.c.  CSg,  added  2  c.c.  SgClg,  and  placed 

on  the  water-bath 


Laid. 
Vi:f  cent. 

Cotton  Seed  Oil. 
Per  (lent. 

SoUibilily  nf  Product  in 
Carbun  Bisulphide. 

100 

0 

No  reaction 

Complete]  V  soluble 

90 

10 

Thickens  after  35  niiiiiites 

80 

20 

'»  )) 

30 

!  1 

52 

l)Ci*  cent 

70 

30 

>  '  M 

26 

i  t 

39-G 

) ) 

60 

40 

'  J                   »  » 

Solid  aftci' 

18 

» 1 

34*8 

: » 

50 

50 

10 

) ) 

37-4 

i  1 

:  1 

40 

60 

:t  11 

8 

J ) 

30-6 

1 1 
) ) 

30 

70 

)i  )) 

7 

» * 

32-(> 

>  1 

1 J 

20 

80 

» 1          » ) 

6 

>  t 

30-0 

1  i 

1 » 

10 

90 

1 »          t  J 

4 

)  t 

28-4 

1 1 

1 1 

0 

100 

n  n 

3 

)  t 

24 

>  * 

n 

It  is  advisable  to  test  the  sample  side  by  side  with  pure  lard,  or  better 
still,  with  mixtures  of  lard  and  cotton  seed  oil  (or  cotton  seed  stearine) 
])repared  in  a  similar  fashion  to  that  illustrated  by  tlie  table. 


'  Analyst.,  1888,  170. 
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Maize  Oil. — ^If  aracliis  and  sesame  oils  are  absent,  an  abnormally 
liigb  iodine  value  can  only  be  due  to  cotton  seed  oil  or  maize  oil  (with 
regard  to  Chinese  lard,  see  above).  The  solidifying  point  of  the  mixed 
fatty  acids  would  in  this  case  lead  to  a  decision  if  only  one  oil  be  present. 
If  both  are  present,  this  method  breaks  down.^ 

If  the  iodine  value  of  the  lard  or  of  the  mixed  fatty  acids  is  abnor- 
mally low,  then  the  presence  of  cocoa  nut  oil  or  palm  kernel  oil  may 
be  suspected. 

Coeoa  nut  oil  or  palm  kernel  oil  will  be  recognised  by  a  high 
saponification  value,  and  especially  by  a  definite  Reichert  value  and 
a  notable  amount  of  insoluble  volatile  acids  of  the  sample. 

In  order  to  render  the  indications  of  this  test  still  more  decisive, 
the  suggestion  made  by  Mecke^  may  be  adopted,  viz.  to  treat  one 
part  of  the  sample  with  two  parts  of  95  per  cent  alcohol  at  about 
60°  C.  with  frequent  shaking.  Cocoa  nut  oil  passes  into  the  alcohol  to 
a  much  greater  extent  than  lard  does.  After  distilling  ofi  the  alcohol 
from  the  alcoholic  solution  the  residual  fat  is  examined,  when  its 
saponification  value,  Reichert  value,  titration  number  of  the  insoluble 
volatile  acids  (see  "  Butter  Pat  "),  and  also  the  iodine  value  will  afford 
important  information.  Morrschock  ^  has  shown  that  in  case  pure  lard 
is  tested  as  described  here,  the  extracted  fat  is  characterised  by  a 
considerably  higher  iodine  absorption  than  that  of  the  original  lard. 

Experiments  carried  out  by  Arnold  ^  according  to  the  method  de- 
scribed p.  699,  and  detailed  in  the  following  table,  show  the  manner  in 
which  this  procedure  may  be  applied  for  quantitative  pm-poses  :— 


1  Cp.  M'Plierson  aud  W.  A.  Ruth,  Journ.  Amer.  Chan.  Soc,  1907,  921. 

2  Zeitschr.f.  offentl.  Chem.,  1904,  9. 

Zeits.f.  'Un'tem.  d.  Nahrgs-  u.  Oenussm.,  1904  (vii.),  586. 
*  Zeits.f.  Untem.  d.  Nahrgs-  u.  Oenussm.,  1907  (xiv.)  1/9. 
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In  doubtful  cases  the  phytosteryl  acetate  test — provided  other 
vegetable  oils  be  absent — will  furnish  conclusive  evidence.^ 


Animal  Fats 

The  detection  of  tallow  and  (or)  beef  stearins  in  lard  'is  a  difficult 
problem^  and  can  only  be  solved  successfvdly,  in  the  present  state  of 
our  Imowledge,  by  strict  comparison  with  samples  of  pure  lards  from 
different  parts  of  the  body  of  hogs,  and  of  the  same  lards  mixed  with 
known  proportions  of  the  suspected  adulterant.  This  problem  is 
rendered  all  the  more  difficult  as  lards  of  different  origin  vary  greatly 
in  their  composition,  as  is  shown  in  the  above-given  tables. 

The  first  attempts  to  detect  small  quantities  of  beef  fat  or  beef 
"  stearine  "  in  lard  were  made  in  the  year  1883  by  Belfield  and  by 
Delafontaine,  both  basing  themselves  on  the  method  published  by 
Husson  2  in  1878. 

Belfield  claimed  to  be  able  to  detect  10  per  cent  of  beef  stearine 
in  lard.  He  directed  to  dissolve  the  sample  in  ether,  and  examine 
under  the  microscope  the  crystals  which  separate  from  the  ethereal  solu- 
tion. Forty  drops  of  the  melted  lard  are  dissolved  in  10  c.c.  of  ether  in  a 
test-tubwand  allowed  to  cool  (Pattinson^).  Should  no  crystals  form, 
the  cork  is  removed  from  the  tube  and  a  loose  plug  of  cotton-wool 
substituted,  when  crystals  will  be  obtained  by  the  sponta  leous  evapora- 
tion of  the  ether.  If  the  crystals  have  been  formed  too  rapidly  it  is 
best  to  redissolve  them  by  addition  of  more  ether.  Some  of  the  crystals 
are  then  placed  on  an  object-glass  and  examined  microscopically. 
Crystals  from  pure  lard  usually  form  oblong  plates— either  singly  or  in 
bunches— and  have  oblique  terminals,  whereas  those  from  beef  tallow 
form  curved  tufts  of  very  thin  needles  somewhat  of  the  shape  of  an 
"/"  ("  plumose  "  crystals).    Cp.  Figs.  8,  9,  10.  ' 

The  author  examined  microscopically  the  crystals  obtamed  from 
specimens  of  leaf  lard,  lard  from  the  loin,  lard  from  the  shoulder,  and  lard 
from  the  back,  all  of  which  were  rendered  in  his  laboratory.  Forty  drops 
of  the  melted  fat  were  dissolved  in  10  c.c.  of  ether,  and  were  allowed  to 
crystallise  under  exactlv  the  same  conditions  in  corked  test-tubes. 

In  the  case  of  Zm/ lard,  bunches  of  crystals  were  obtamed,  which 
under  a  low  power  of  magnification  appeared  as  needles,  but  under  a 
higher  power  were  distmctly  discernible  as  plates. 

The  lard  from  the  shoulder  yielded  some  isolated  plates,  but  mostly 
bunches,  radiating  from  a  centre  point  in  all  directions,  thus  formmg 
a  whole  circle  or  parts  thereof.  There  also  appeared  bunches  of  crystals 
which  were  very  simUar  to  tallow  crystals  ;  yet  under  a  high  power  ot 
magnification  they  showed  the  chisel-shaped  ends  characteristic  ot  Jard 
crystals  Small  bunches  of  crystals  were,  however,  noticed  which  were 
indistinguishable  from  beef  tallow  crystals.    Moreover,  in  various 

1  With  regard  to  Robin's  niellio.l,  cp.  AnnaL  Chim.  Aimlyl.  Appl,  1907  (12),  87. 
Iloton's  acetic  acid  test  is  referred  to  in  Vol.  1.  Chni).  V. 

2  Jmrni.  Phann.  Chim.  (4),  27,  100.  •'  Jonrn.  Soc.  Ohem.  huL,  188,>,  JO. 
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preparations  the  plates  did  not  even  predominate  over  those  crystals 
which  appeared  to  be  most  like  beef  crystals. 

The  lard  from  the  loin  showed  many  distinct  straight  plates  with 
the  chisel-shaped  ends  characteristic  of  lard  crystals.  These  were 
even  noticeable  in  the  thickest  plates  which  at  first,  under  a  low  power, 
appeared  like  beef  crystals.  A  number  of  plates  were  observed,  especi- 
ally amongst  those  in  the  bunches,  which  were  curved,  and  as  they 
had  the  shape  of  distinct  plates,  would  appear  to  represent  the  transi- 
tion form  of  plates  to  needles. 


Tig.  8.— Mutton  Tallow  Crystals.    50  diara. 


The  lard  from  the  hack,  which  took  the  longest  time  to  crystallise 
(no  doubt  because  it  was  the  softest  lard),  showed  distinct  plates 
throughout,  both  as  regards  the  isolated  crystals,  as  also  those  heaped 
in  bunches.  The  plates  were  much  longer  than  those  obtained  from 
any  other  part.  This  is  most  likely  due  to  the  time  required  for  crystal- 
lisation having  been  so  much  longer. 

Mixtures  of  lard  from  the  back-fat  with  5  to  10  per  cent  of  tallow, 
prepared  by  the  author,  showed  distinct  plates  of  lard  crystals  side 
by  side  with  distinct  bunches,  which,  even  under  a  magnification  of 
670,  could  not  be  recognised  as  having  chisel-shaped  ends ;  these 
were  possibly  plates  lying  on  their  ends,  thus  appearing  as  needles. 
Still,  it  would  be  hazardous  to  pronounce  a  definite  opinion  on  the 
strength  of  these  microscopic  indications. 


FiO;  10.— Beef  Tallow  Crystals.   50  diam. 
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Goske  ^  stated  at  first  that  5  per  cent  of  beef  fat^  or  15  per  cent 
of  mutton  fat  (which  does  not  crystallise  so  well),  can  be  detected  if 
the  ethereal  solution  be  allowed  to  crystallise  at  a  temperature  of 
12°-13°  C.  But  later  he  admits  that  the  question  becomes  complicated 
if  oleomargarine  is  substituted  for  beef  stearine.  Besides,  German 
home-rendered  lard  did  not  yield  the  crystalline  plates,  crystallising 
as  it  did  in  needles  which  were  not  readily  distinguishable  from  those 
yielded  by  beef  stearine  under  the  same  conditions. 

From  the  above  observation  it  follows  that  examination  under 
a  low  power  of  magnification  should  not  be  relied  upon,  but  that  ex- 
amination under  high  powers  is  distinctly  necessary.  It  should  also 
be  noted  that  if  the  plates  lie  on  the  narrow  end,  they  may  appear 
under  the  microscope  <as  thin  needles,  thus  leading  to  the  confounding 
of  Jard  crystals  with  beef  crystals. 

The  author  has  further  examined  crystals  obtained  from  the  ethereal 
solution  in  Stock's  modus  operandi  (see  below)  from  (a)  leaf  lard,  (6) 
lard  from  the  shoulder,  (c)  lard  from  the  loin,  (d)  lard  from  the  back, 
(e)  various  pure  American  lards,  and  (/)  mixtures  of  all  the  lards  named 
with  5  per  cent  and  10  per  cent  of  (1)  beef  tallow,  (2)  various  brands 
of  "  b3ef  stearine,"  and  "  oleostearine."  All  the  observations  con- 
firm the  result  already  stated,  viz.  that  it  woidd  be  very  hazardous 
to  declare  on  the  strength  of  the  appearance  of  the  crystals  under  the 
microscope  that  adulteration  with  5  per  cent  or  10  per  cent  of 
tallow  or  beef  stearine  or  oleostearine  had  been  practised.  In  several 
cases  pure  lards  were  judged  by  the  author  to  contain  some  adulterant 
on  the  strength  of  the  microscopical  appearance,  whilst  some  of  the 
adulterated  samples  were  decidedly  declared  as  pure. 

The  author's  conclusion  that  the  microscopic  appearance  of  the 
"  stearine  "  from  samples  containing  only  5  to  10  per  cent  of  beef 
stearine  must  be  regarded  with  the  greatest  circumspection  has  found 
satisfactory  confirmation  in  experiments  carried  out  by  Dunlop.^ 
On  recrystallising  the  "  stearine  crystals  "  as  obtained  in  Stock's  process 
(see  below)  from  pure  beef  "  stearine  "  and  mutton  "  stearine,"  crystals 
were  obtained  after  the  third  and  fourth  crystallisation,  which  were 
absolutely  indistinguishable  from  well-formed  lard  crystals  exhibiting 
the  characteristic  oblong  plates  with  oblique  terminals.  In  the  third 
crystallisation  the  fine  rods  of  mutton  tallow  gave  place  to  thin  plates, 
in  many  cases  with  oblique  terminals  as  in  lard  crystals  at  a  magnifica- 
tion of  380.  In  the  fourth  crystallisation  the  lard  form  became  already 
more  distinct  at  a  magnification  of  100,  and  even  of  30  diameters. 
In  the  case  of  beef  stearine,  the  crystals  from  the  first  crystallisation 
closely  resembled  those  of  mutton  stearine.  The  second,  and  especially 
tlie  third  crops  of  crystals  showed  a  decided  change  from  beef  to  lard 
form  at  a  magnification  of  380,  whilst  in  the  fourth  crystallisation  the 
chisel-shaped  ends  of  the  plates  were  clearly  seen  ;  at  a  magnification 
of  100  a  number  of  groups  were  observed  which  had  the  appearance  of 
"  plumose  "  aggregates,  but  the  individual  crystals  resembled  lard 
plates  more  closely,  and  not  the  fine  pointed  needles  of  beef  crystals 
'  Joimi.  Soc.  Chem.  /nci.,  1893,  469.  ^  find.,  1906,  458. 
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as  seen  in  tlie  first  crystallisation.    This  will  become  apparent  on 


■Fig.  11. — Mutton  Stearine,  3rd  Crystallisation.    380  diam. 


Fig.  12.— Beet  Stearine,  3rd  Crystallisation.    380  diam. 


examining  the  crystallisations  illustrated  by  Figs.  11,  12,  13,  14  (due 
to  Dunlop  1).    These  observations  distinctly  controvert  the  statement 
'  Journ.  Soc.  Chem.  hid.,  1906,  4.58. 
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made  by  Hehner  and  Mitchell  ^  that  crystals  from  "  soft  lards  "  (such 


Fig.  13. — Mutton  Stearine,  4th  CrystElllisatiou.    380  diam. 


FtG.  I  t. — Beef  Stearine,  4th  Crystnlllsntlon.    330  dinm. 

as  lard  from  the  back)  on  being  repeatedly  rccrystallised  from  ether 
become  more  and  more  needle-like,  approaching  the  form  of  beef 

'  Analyst,  1896,  328. 
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stearine  ciystals,  until  they  become  indistinguishable  from  them.  A 
confirmation  of  this  opinion  was  thought  by  these  observers  to  be  foimd 
in  the  increase  of  the  percentages  of  stearic  acid  yielded  by  crystals 
obtained  from  three  successive  crystallisations  of  flare  lard,  they  having 
found  the  following  respective  percentages  of  stearic  acid  : — 32-4  per 
cent,  37-6  per  cent,  and  59  per  cent.  These  numbers  agree  with  the 
results  obtained  by  Kreis  and  Hafner  in  a  similar  examination.  Their 
numbers  are  reproduced  in  the  following  table  : — 


Jlultins  Point 

Melting  Point. 
°C. 

Iodine 

of  tlu) 

Ste.ai  ic  Acid. 

Value. 

Fatly  Acids. 
°0. 

Per  cent. 

Original  fat  . 

47-40 

58-59 

41-42 

22-3 

1st 

2ud 

Meltint, 

Melting 

Point. 

Point. 

1st  ciystallisatioii  48'0 

and  62-0 

11-95 

56-0 

57-5 

2ik1          „  50-5 

,,  64-2 

1-11 

59-5 

66-8 

31(1           ,,  50-8 

64-5 

0-21 

61-0 

67-2 

4th           „  51-4 

,,  650 

0-13 

62-0 

67-2 

5th          ,,  51-8 

,,  65-8 

0-14 

6th          ,,  51-8 

,,  65-8 

0-12 

In  conjunction  with  the  last  table  there  should  be  read  the 
numbers  recorded  in  the  following  two  tables,  giving  the  results  of 
a  corresponding  examination  of  beef  fat  and  mutton  tallow  : — 


Beef  Tallow 


Melting  Point. 
°G. 


Original  fat 


1st  crystallisation 
2nd  „ 
3rd  ,, 
4th 

5th  „ 
6th  „ 


1st 
Melting 
Point. 

45-5 

47-  0 

48-  5 

49-  5 

50-  0 
50-0 


and 


43-44 

2nd 
Melting 
Point 

55-5 

58-  0 

59-  0 

59-  8 

60-  0 
60-0 


Iodine 
Value. 


35-8 


9-28 
3-28 
2-07 
1-30 
0-90 
0-86 


Melting  Point 

of  tlie 
Fatty  Acids. 
-C. 


44-45 


57 
59 
60 
62 


Stearic  Aci  1. 
Per  cent. 


39-5 


59-5 

64-  2 

65-  5 

66-  4 
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Mutlon  Tallow 


Iodine 

Molting  Point 
of  tlie 

°0. 

A')  -F, 
4/  0 

An  AO 

4/S-4o 

12-3 

58-0 

6 '26 

58'8 

3-41 

59-8 

3-00 

62-2 

2-70 

2-65 

Melting  Point. 

•c. 


Original  fat 


1st  crystallisation 

2nd 

3rd 

4th 

5th  „ 
6th 


1st 
Melting 
Point. 

45-5 
47-0 
50-5 

50-  5 

51-  0 
51-2 


and 


45 

2iid 
Molting 
Point. 

57-5 

59-  0 

60-  0 

60-  8 

61-  2 
61-5 


Ste.ii'ic  Acid. 
Per  cent. 


35-5 


57-8 
62-7 
65-2 
67-0 


It  has  been  pointed  out  already  that,  in  the  case  of  lard  from  the 
loin,  crystals  were  obtained  which  wordd  appear  to  confirm  the  transi- 
tion form  of  plates  to  needles.  Kreis  and  Hafner,  who  were  also 
imable  to  confirm  Hehner  and  Mitchell's  statement,  expressed  the 
opinion  that  the  broad  plates  of  lard  (Fig.  9)  consisted  of  heptadecyl 
distearin  ("  daturodistearin  whereas  hitherto  only  palmitodistearin 
and  oleopalmitostearin  had  been  obtained  from  tallow  and  beef 
"  stearine."  Since,  however,  it  has  been  shown  that  heptadecylic  acid 
is  a  mixture  of  several  fatty  acids,  the  more  reasonable  explanation 
would  be  that  lard,  tallow,  and,  consequently,  beef  and  mutton  stearine 
yield  on  repeated  recrystallisation  from  ether  one  and  the  same  glyceride, 
which  crystalHses  in  those  oblong  plates  with  oblique  terminals  which 
have  hitherto  been  looked  upon  as  solely  characteristic  of  lard.  The 
author  finds  a  confirmation  of  his  opinion  in  the  following  three  tables, 
which  have  been  calculated  by  Kreis  and  Hafner  from  the  three  pre- 
ceding tables.  The  iodine  values  found  above  are  converted  into  olein. 
By  deducting  the  numbers  so  obtained  from  100,  the  percentages  given 
in  the  column  "  Olein  free  Tat  "  are  found.  The  difi,erences  represent 
glycerides  of  saturated  fatty  acids,  and  the  percentages  of  tristearin 
therein  are  calculated  from  the  percentages  of  stearic  acid. 


Lard 


Iodine 

Olein. 

Stearic  Acid. 

Tri  stearin. 

Oleiii-freo 

Fat. 
Per  conl. 

Tristearin 
calculated 
to  Olein- 
free  Sub- 
.stance. 

Value. 

Per  cent. 

Per  cent  of  Fatty  Acid,s. 

Original 
1st  (;ryst.  . 
2n(l  „ 
3nl     .,  . 
ith     „  . 

58-59 
11-95 
1-11 
0-21 
0-13 

];!-9 

1-3 

O-2'l 

0-15 

22-3 
57  -5 
(ifl-8 
07-2 
67-2 

23-3 
60-0 

69-  8 

70-  2 
70-2 

31-9 
86-1 

98-  7 

99-  76 
99-85 

73-0 

69-  7 

70-  8 
70-4 
70-3 
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Beef  Tallow 


Iodine 
Value. 

Oleiii. 
PtT  cent. 

[ 

Stearic  Acid.j  Tristearin. 
Per  cent  of  Fatty  Acids. 

V/ ICl  11*1  I 

Fat. 
Per  cent. 

Tristearin 
calcnlateil 
to  Olein- 
free  Sub- 
stance. 

Original 

35-8 

41-0 

39-5 

41-2 

58-4 

70-5 

Isturyst.  . 

9-28 

10-8 

59-5 

62-1 

89-2 

69-6 

211(1    „  . 

3-28 

3-8 

64-2 

67-1 

96-2 

69'8 

3rd  ,. 

2-07 

2-4 

65  -5 

68-4 

97 -G 

70-1 

4tli    „  . 

1-30 

1-5 

6G-4 

69-3 

98-5 

70-3 

Mutton  Fat 


Iodine 

Olein. 

Sliiaric  Acid. 

Tristearin. 

Olein-free 

Fat. 
Per  cent. 

Tristearin 
calcniated 
to  Olein- 
free  Sub- 
stance. 

Valnci 

Per  cent. 

Per  cent  of  Fatty  Acids. 

Original 

42-5 

49-4 

35-5 

36-5 

50-6 

72-1 

1st  cryst.  . 

12-3 

14-3 

57-8 

60-37 

85-7 

70-5 

2nd    ,,  . 

6-26 

7-28 

62-7 

65-5 

92-72 

70-6 

3rd  ,, 

3-41 

4-0 

65-2 

68-1 

96-0 

70-9 

4tli    „  . 

3-00 

3-5 

67-0 

70-0 

96 '5 

72-5 

It  will  be  seen — and  this  has  been  pointed  out  already  by  Kreis 
and  Hafner  themselves — that  in  all  three  fats  the  percentages  of 
saturated  glycerides  calculated  to  percentages  of  olein-free  glycerides 
are  the  same.  The  increase  in  the  percentage  of  stearic  acid  in  the 
successive  crystallisations  is  therefore  due  to  the  decrease  of  olein. 
It  further  follows  that  the  difference  (if  any)  between  the  crystalline 
form  of  beef  and  mutton  "  stearines  "  on  the  one  hand,  and  of  lard 
crystals  on  the  other,  cannot  be  conditioned  by  a  difference  in  the 
percentage  of  stearic  acid. 

It  should,  however,  be  mentioned  that  Kreis  and  Hafner  point  out 
that  the  last  crystallisations  from  beef  fat  (sixth  and  seventh)  show 
distinctly  the  type  of  needles.  This  is  at  variance  with  Dunlofs 
observations ;  but  since  Dunlop's  photomicrographs  immistakably 
prove  his  contention,  whereas  Kreis  and  Hafner  have  not  published 
photomicrographs  of  the  sixth  or  seventh  crystallisation  from  beef  fat, 
Dunlops  statement  should  be  looked  upon  as  carrying  more  weight. 
Kreis  and  Hafner's  opinion  may  be  explained  by  the  fact  that  if  the 
plates  lie  on  their  narrow  side  they  may  be  easily  mistaken  for  needles, 
although  against  this  it  must  be  pointed  out  that  Kreis  and  Hafner 
themselves  had  observed  that  lard  crystals  when'  lying  on  the  narrow 
side  appear  like  finely  curved  needles.  Further  experiments  are 
therefore  required  to  lead  to  a  final  decision  between  the  conflicting 
statements. 
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Delqfontaine's  method  consisted  in  dissolving  lard  in  a  mixture  of 
iilcohol  and  ether,  allowing  to  stand  twenty-four  hours  at  a  tempera- 
ture of  12-15°  C,  and  weighing  the  crystals  which  had  separated. 

Stock  ^  combined  the  methods  of  Beljield  and  Delafontaine,  and 
worked  out  more  fully  the  quantitative  determination  of  the  "  stearine." 
He  compares  the  crystals  obtained  from  an  ethereal  solution  with  those 
from  two  standard  sets  of  mixtures ;  the  first  consisting  of  pure  lard 
melting  at  34°-35°  C,  with  5,  10,  15,  and  20  per  cent  of  beef  stearine 
melting  at  56°  C. ;  the  second  of  pure  lard,  of  melting  point  39°- 
40°  C,  with  5,  10,  15,  and  20  per  cent  of  beef  fat  melting  at  50°  C. 
Stock  proceeds  as  follows  : — The  melting  point  of  the  sample  is  deter- 
mined first  by  the  capillary  tube  method.  Suppose  the  melting  point 
be  found  at  34°  C,  then  3  c.c.  of  the  melted  fat  are  run  into  a  graduated 
stoppered  cylinder  of  25  c.c.  capacity  ;  21  c.c.  of  ether,  of  specific 
gravity  -720,  are  added,  and  the  fat  dissolved  at  20°-25°  C.  Three 
c.c.  of  each  of  the  first  set  of  mixtures  are  treated  in  exactly  the  same 
way.  The  five  cylinders  are  cooled  down  to  13°  C,  and  allowed  to 
remain  at  that  temperature  or  a  lower  one — particularly  during  the 
last  hours — for  twenty-four  hours. 

An  approximate  estimate  as  to  the  amount  of  the  adulterant  is 
arrived  at  by  reading  off  the  apparent  volume  of  deposited  crystals. 
The  ether  is  then  poured  off  as  far  as  possible,  and  10  c.c.  of  fresh 
ether  at  13°  C.  is  added  in  each  case.  The  contents  of  the  cylinders 
are  well  shaken,  cooled  to  13°  C,  the  proportion  of  crystals  is  read  off, 
and  the  ether  poured  oft"  as  before.  The  operation  is  repeated,  and 
the  poured-off  ether  may  be  used  for  swilling  the  deposit  out  of  the 
cylinders,  but  no  fresh  ether  must  be  used.  Finally,  the  contents 
of  the  cylinders  are  emptied  into  weighed  shallow  beakers,  the  ether 
drained  off  carefully,  the  mass  allowed  to  dry  for  fifteen  minutes  at 
40°  C,  and  weighed.  The  weight  obtained  for  the  sample  under 
examination  is  compared  with  the  weight  of  crystals  obtained  from 
whichever  of  the  standards  comes  nearest  to  it. 

The  second  set  of  mixtures  is  used  for  samples  with  a  higher 
melting  point. 

The  actual  presence  of  beef  fat  should  then  be  proved  by  micro- 
.scopical  examination,  using  a  1-inch  objective  and  the  C  eye-piece. 

It  may  be  noted  here  that  the  lard  from  a  hog  fed  on  slaughter- 
pen  refuse,  which  had  an  iodine  value  of  40,  gave  positive  indications 
of  beef  fat  in  the  Beljield  test.^  The  iodine  value  of  the  liquid  acids 
was  78. 

Stock  based  his  deductions  as  to  the  presence  of  beef  stearine  on 
experiments  made  with  seven  lards  only.  These  were  divided  by 
him  into  two  sets,  the  first  embracing  lards  melting  below  39°  C,  and 
the  second  those  melting  above  39°  C.  No  statement  was  made  as 
to  whether  39°  C.  defined  the  point  when  the  lard  had  melted  to  a 
transparent  liquid  (see  above). 

Stock's  data  are  reproduced  in  the  following  table  : — 


'  Analyst,  1894,  2. 


"  Hare,  Juurn.  Ind.  and  Eng.  Chem.,  1910,  264. 
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Melting  Toint. 

Etlier-waslietl  Uoposit. 
"  Stearine." 

°C. 

Mgniii-. 

34 

6 

34-5 

nil. 

3-9 

11 

41-2 

90 

42-5 

83 

45-5 

114 

45-8 

146 

Basing  himself  on  these  results  Stock  laid  down  the  rule  that  a 
lard  of  a  "  melting  point  "  below  39°  C,  and  yielding  more  than  11 
mgrms.  of  "  stearine/'  must  be  looked  upon  as  adulterated  with  beef 
"  stearine."  The  results  of  examinations  made  by  the  author,  as 
also  by  Dunlop,  prove  that  this  generalisation  is  inadmissible.  This 
will  be  gathered  from  the  following  table  : — 


Stearine"  {Ether-washed  Deposit)  from  3  c.c.  of  Lard 


Lard  from  back  of  English  hog 
Lard  from  loin  ,, 
Lard  from  shoulder  „ 
Lard  from  the  leaf 
Pure  "Bladder lard,"  No.  1 
Pure  "  Bladder  lard,"  No.  2 
American  lard 
English  lard . 
American  lard 

, ,  11  • 

English  lard  from  back 
From  leg  . 
From  back 
From  kiduey  bed 
From  leaf  . 
From  kidney  bed 


Melting  Points.    °  C. 


Commences 
to  melt. 


Completely 
melted. 


27 
33 
38 
38 
33 
35 
38 
30 
33 
30 


33-9 

42-8 

42-8 

47-8 

45 

45 

41 

41 

41 

43 


36 
37 
38 
43 
47 
50 


Mgrms. 

Observer. 

2-6 

Lewkowitsch 

36 

)) 

62 

178-2 

ti 

132-2 

136-4 

I) 

38-2 

M 

68-2 

>t 

75-4 

II 

70 

5 

Duuiop 

7 

11 

9 

It 

49 

115 

» 

190 

11 

Stock  even  claimed  to  be  able  to  determine  the  amount  of  "  beef 
stearine  "  present  in  an  adulterated  lard  by  recrystallising  repeatedly 
the  "stearine,"  on  the  assumption  that  "lard  stearme  "  is  more 
readily  soluble  in  ether  than  "  beef  stearine."  The  finally  obtamed 
"  stearine  "  was  then  looked  upon  by  him  as  "  beef  stearme  and 
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calculated  to  the  amount  of  adulterant  added.  Dunlop  has,  however, 
shown  by  exact  experiments  that  the  "  stearine "  from  beef  fat,' 
obtained  by  a  single  crystallisation,  is  actually  more  soluble  in  ether 
than  the  "  stearine  "  from  the  first  crystallisation  of  lard.  Any  attempt 
to  calculate  the  amount  of  "  beef  stearine  "  from  the  recrystallised 
"  stearine  "  must  therefore  lead  to  failure. 

Cochran^  uses  fusel  oil  for  the  preliminary  separation  of  stearine 
crystals,  which  he  then  examines  by  the  Belfield-Stock  method.  He 
proceeds  as  follows  :— 2  c.c.  of  the  melted  fat  are  placed  in  a  stoppered 
cylinder  graduated  for  25  c.c,  and  22  c.c.  of  fusel  oil  are  added.  The 
contents  of  the  cylinder  are  sHghtly  warmed  to  efiect  complete  solution, 
and  gradually  allowed  to  cool  to  16°-17°  C,  at  which  temperature 
they  are  kept  for  two  or  three  hours.  The  deposited  crystals  are 
filtered  off,  dissolved  in  ether,  allowed  to  crystallise  out  as  described 
above,  and  finally  subjected  to  microscopical  examination.  Cochran 
claims  that  smaller  proportions  of  beef  fat  can  thus  be  detected  than 
by  the  above-described  methods,  but  it  must  be  open  to  doubt  whether 
his  method  yields  better  results  than  the  one  previously  described. 

In  the  present  state  of  our  knowledge,^  StocFs  modification  of 
Belfield's  method  must  be  considered  the  best,  provided  it  be  used 
with  circumspection  such  as  is  indicated  by  the  numbers  given  in  the 
last  and  in  the  following  tables  : — 


J  Jo^ini.  Soc.  Chem.  Ind.,  1898,  74. 

-  A  curious  metliocl  to  detect  and  determine  the  quantity  of  beef  fat  in  lard  was 
proposed  by  Ballu,  viz.  to  measure  the  amount  of  air  enclosed  in  the  melted  fat ;  pure 
lard  on  solidifying  is  stated  not  to  enclose  any  air,  whereas  pure  beef  fat  encloses  air 
(100  grms.  about  6-5-8 -8  c.c).  Ballo  is  of  the  opinion  that  even  3  per  cent  of  beef 
fat  may  be  thus  detected  {Journ.  Soc.  Chem.  Ind.,  1897,  764). 
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''■  Siearine  Crystals  "  obtained  from  Beef  Stearine  and  Mixtures  thereof  with 
Lard  by  Stock's  "Modus  Operandi"  (Lewkowitsch) 


Beef  stearine  . 


Leaf  lard  ^  containing  5  per 

cent  tallow  . 
Leaf  lard  ^  containing  5  per 

cent  beef  stearine 
Leaf  lard  ^  containing  5  per 

cent  oleostearine 
Leaf  lard^  containing  10 

per  cent  tallow  . 
Leaf  lard^  containing  10 

per  cent  beef  stearine  . 
Leaf  lard^  containing  10 

per  cent  oleostearine  . 
American  lard  -  containing 

5  per  cent  beef  stearine 
American  lard  "  containing 

5  per  cent  oleostearine 
American  lard  containing 

10  per  cent  beef  stearine 
American  lard  "  containing 

15  per  cent  beef  stearine 
American  lard  "  containing 

20  per  centlaeef  stearine 
American  lard  -  containing 

30  per  cent  beef  stearine 


Melting  Point. 


Commences 
to  melt. 


Completely 
melted. 


At  °C. 
527    -  52-S 


42-2  - 

-  47-8 

44-4  - 

-  47-2 

43-3  - 

-  47-2 

31-1  - 

-  48-3 

42-8  - 

-  47-8 

40-6  - 

-  47-8 

30-0  ■ 

-  46-7 

33-9 

-  39-4 

30-0 

-  39-4 

Mgrms. 


1503-0 


171-6 

216 

207 

165-6 

260 

278-4 

267-4 

197-8 

189-6 

263-4 

365 

50-2-8 


It  wiU  be  observed  that,  curiously  enough,  the  added  amount  of 
taUow  reduces  the  quantity  of  stearine  found  (an  observation  which 
has  also  been  made  by  Dunlop).  A  lard  yieldmg  178-2  mgrms 
of  "  stearine  "  gave,  after  being  adulterated  with  5  and  10  per  cent  ol 
tallow,  171-6  and  165-6  mgrms.  respectively.  In  the  case  ot  an 
addition  of  5  per  cent  of  tallow  to  a  "  hard  "  lard,  neither  the  amount 
of  stearine,  nor  the  melting  point,  nor  even  the  microscopic  appearance 
would  lead  to  a  safe  conclusion. 

The  examination  of  the  crystals  under  the  microscope  should, 

however,  never  be  omitted.  ^    f  i„„ 

If  a  "  soft "  lard  has  been  adulterated  with  10  per  cent  of  oleo- 
stearine, the  indications  fru-nished  by  the  melting  point  and  t^^e  amount 
of  stearine,  combined  with  the  microscopical  appearance,  wiU  assist 
m  coming  to  a  conclusion.    In  such  a  case  the  author  observed  a  number 


I  Sample  No.  4  of  preceding  table  yielding  178-2  mgrms.  of  "stearine. 
SamSe  No.  10  of  preceding  table  yielding  70  mgrn.s.  of  "  steanne. 
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of  aggregates  of  the  "  plumose  "  form  which^  even  under  a  high  power 
of  magnification,  were  not  resolved  into  plates. 

By  recrystallising  the  fats  from  ether  Emery  ^  obtained  glycerides 
with  the  following  melting  points  : — 


Fat. 

Melting 
Point. 
°C. 

Pat. 

Melting 
Point. 
°C. 

Pure  lard  . 

63-8 

Lard  containing   8%  beef  fat 

61-6 

Lard  containing  1% 

beef  fat 

63-4 

GO/ 

61-6 

>) 

„  2% 

jj 

63-2 

>>           »       10%  ,, 

61-5 

>> 

„  3% 

>» 

630 

60-6 

J) 

„  4% 

>» 

62-8 

63-6 

>» 

5% 

>) 

62-5 

Lard  and  10%  lard  stearine 

63-8 

tt 

6% 

)j 

62-2 

63-6 

t  9 

„  v% 

>j 

61-6 

Bbmer^  bases  a  method  for  the  detection  of  tallow  in  lard  on  the 
difference  values  of  the  mixed  glycerides  obtained  from  recrystallising 
the  fats  from  ether  (cp.  Vol.  I.  324).  In  the  case  of  the  palmito- 
distearin  obtained  from  tallow  the  difference  is  only  0-1°  C,  whereas  in 
the  case  of  palmito-distearin  from  lard  the  difference  is  5'1°  C. 

The  following  tables  due  to  Bomer  and  Limprich  ^  show  the  differ- 
ence values  for  pure  tallow  and  lard  and  mixtures. 


Crystallisa- 
tions. 

Pure  Lard. 

Pure  Beef  Tallow. 

Melting 
Point. 

°c.  • 

• 

Solidify- 
ing Point. 
°C. 

Difference 
Value. 

Melting 
Point. 
"C. 

Solidify- 
ing Point. 
°C, 

Differ- 
ence 
Value. 

Original  fat 

i 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 

.  45-6 
49-5 
51-9 
55-8 

57-  5 

58-  6 
02-2 
64-2 

(50-5)  64-7 
(51-0)  65-3 
(51-2)  65-5 

(51-6)  G5-8 

25-2 
29-4 
325 
37-6 
39-6 
41-9 
46-3 

48-  6 

49-  0 
49-4 
49-5 

49-5 

26'4 
20-1 
19-4 
18-2 
17-9 
10-7 
15-9 
la-G 
15-7 

15-  9 

16-  0 

10-3  I 

47-5 

53-  2 

54-  7 

55-  8 
57-0 

57-  9 

58-  4 

59-  0 
59-8 

(50-2)  GO-4 
(51-3)  61-2 
(52-6) 
62-8-04-9 

33-3 
39-5 
41-9 
43-7 
45-0 

4G-2 
47-0 

47-  6 

48-  1 

49-  0 
49-5 

1  51-0 

14-2 
13-7 
12-8 
12-1 

12-  0 

li'7 
11-4 
11-4 
11-7 
11-4 
11-7 

13-  9 

'  U.S.  Department  of  Agric,  1908,  Circular  132,  1. 

Ohem.  ZeiL,  191.3,  890. 
•'  Zeits.  f.  Unters.  il  Nahrg.i- v.  Oenuxsm.,  1913,  267. 
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Crystallisa- 
tions. 

Mixture  of  90  per  cent  Lard  and 
10  per  cent  Beef  Tallow. 

Mixture  of  80  per  cent  Lard  and 
20  per  cent  Beef  Tallow, 

Melting 
Point. 
°C. 

Solidify- 
ing Point. 
°C. 

Difference 
Value. 

Melting 
Point. 
°  C. 

Solidify- 
ing Point, 
°  C. 

Differ- 
ence 
Value. 

Original  fat 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 

46-0 
48-7 
51-0 

55-  2 

56-  6 

57-  5 
60-8 

I  ul  o 

(49-7)  62-8 
(50-3)  63-3 
(50-9)  63-7 
(51-4)  64-2 
(51-7)  64-9 

26-8 
29-6 
33-4 
38-8 

40-  2 

41-  8 
46-0 

48-5 

48-  8 

49-  2 
49-5 
49-4 

19-2 
19-1 
17-6 
16-4 
16-4 
15-7 
14-8 
14-2 
14-3 
14-5 
14-5 

14-  7 

15-  5 

45-6 

50-4 

52-3 

54-6 

65-8 

56-7 

59-6 

60'6 

61-7 
(50-0)  62-0 
(50-8)  62-4 
(51-4)  62-9 
(51-7)  63-6 

27-2 
33-5 
36-4 
39-3 

18-4 
16-9 
15-9 
15-3 

Bomer,  Limprich,  Kronig,  and  Kuhlmann  ^  propose  a  method  for 
the  detection  of  beef  fat  in  lard  on  the  difference  between  the  melting 
point  of  the  more  insoluble  glycerides,  and  that  of  the  fatty  acids 
prepared  from  them.  Thus  glycerides  crystallised  from  lard  had  a 
melting  point  of  68-5°  C,  and  their  fatty  acids  a  melting  point  of 
63-3°  C,  showing  a  difference  of  5-2°  C.  In  some  cases  the  difference 
amounted  to  6-9°  C,  whereas  beef  and  mutton  tallows  showed  a  difference 
of  fi'om  0-1  to  2-6°  C;  The  method  is  as  follows  :— 50  grms.  of  the  melted 
fat  are  dissolved  in  50  c.c.  of  ether  and  allowed  to  stand  for  one  hour 
at  15°  C.  The  crystalline  mass  is  collected  on  a  filter,  pressed  slightly, 
re-dissolved  in  50  c.c.  of  ether,  and  again  allowed  to  stand  for  one 
hour  at  15°  C.  Should  the  meltmg  point  of.  these  crystals  be  below 
61°  C.  they  must  be  recrystallised  from  ether.  A  portion  of  these 
glycerides  is  saponified,  and  the  melting  point  of  the  separated  fatty 
acids  determined.  In  determining  the  melting  point  of  the  glycerides 
the  crystals  should  not  be  previously  melted.  Accordmg  to  these 
observers,  the  presence  of  beef  fat  is  indicated  when  with  glycerides 
melting  from  60°  and  61°  C.  the  observed  difference  is  less  than  5-0 
C,  or  with  glycerides  melting  at  between  65°  and  68-5°  C.  it  is  less  than 
3°  C 

Further  research  is  required  to  solve  the  problem  of  detecting 
with  certainty  in  every  case  5  per  cent  or  10  per  cent  of  beef  stearme 
in  lard.2  The  methods  which  the  author  suggested  m  the  third  edition 
of  this  work,  viz.  the  determination  of  stearic  acid  and  the  determina- 
tion of  "  daturic  acid/'  are  unable  to  solve  the  problem  satisfactorily 

in  every  case.  .    -u  ij 

If  by  examination  of  the  mixed  fatty  acids  the  statement  should 

1  Zeiis.  f.  Untcrs.  d.  Nahrga-  u.  Oenussm.,  1913  (xxvi.),  .559.  ^T„hrno.  u 

2  Cp.  also  Soltsien,  Cliem.  Revue,  1908, 103  ;  Seitter,  Zeits.f.  Untcrs.  d.  ^ahrgs-  u. 
Oenussm.,  1908  (xv.),  485. 
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be  confirmed  that  lard  differs  essentially  from  tallow,  in  that  it  contains 
notable  amounts  of  myristic  acid  (which  is  practically  absent  from 
tallow),  then  the  fi-actional  distillation  of  the  methylesters  might 
lead  to  a  decision.  It  should  be  pointed  out  that  the  author  has  not 
tested  the  value  of  this  suggestion  by  experiments. 

In  case  lard  has  been  adulterated  with  both  beef  stearine  and  a 
vegetable  oil,  in  other  words  if  a  "  compound  lard  "  is  under  examina- 
tion, then  the  phytosteryl  acetate  test  alone  furnishes  the  safest  in- 
formation. If  it  then  should  be  desired  to  determine  the  amount  of 
tallow  or  beef  stearine,  resort  should  be  had  to  Wesson's  cooUng  test 
(cp.  Vol.  III.  Chap.  XV.  "  Lard  Substitutes  "). 


In  connection  with  the  manufacture  of  lard  there  are  produced  as 
secondary  products — 

(a)  Lard  stearine. 
(&)  Lard  oil. 

These  two  products  are  manufactured  from  prime  steam  lard,  by 
allowing  it  to  crystallise  at  a  carefully  regulated  temperature,  in  winter 
from  45°  to  55°  F.,  and  in  summer  from  55°  to  65°  F.,  so  that  the  stearine 
may  separate  as  a  crystallised  mass,  ready  to  part  with  the  lard  oil 
when  subjected  to  pressure  (cp.  Vol.  III.  Chap.  XV.  "  Margarine  "). 
If  no  proper  crystallisation  takes  place,  it  is  impossible  to  express  the 
oil,  as  the  whole  material  passes  through  the  cloths  ("  spues  ")  (cp. 

Demargarinating  process,"  p.  36).  The  crystaUised  mass  is  wrapped 
m  cloths,  in  small  works  by  hand,  in  large  works  on  rotating  packing 
tables.  In  small  estabhshments  lever  presses  are  in  use  almost  ex- 
clusively. The  lever  press  is  much  in  vogue  for  the  preparation  of  a 
high-class  lard  oil,  where  the  pressure  must  be  applied  slowly.  In 
large  establishments  automatic,  mechanical,  or  hydraulic  presses  are 
employed. 

The  cakes  remaining  in  the  press  are  sold  as  lard  stearine  (French— 
Saindoux  presse,  Solar  stearine  ;  German— Solar-stearin). 

(a)  Lard  stearine  is  used  in  the  manufacture  of  compound  lard 
and— chiefly  in  Europe— for  "  stiffening  "  soft  lard.  In  the  United 
States  it  is  also  used  in  the  manufacture  of  margarine  ("  oleo- 
margarine "). 

Lard  stearine  from  lard  unfit  for  edible  purposes  is  autoclaved  and 
converted  into  candle  material. 

The  following  characteristics  have  been  ascertained  for  specimens  of 
lard  stearine  by  Arragon  :  i— 


'  Chem.  Zeil.,  1908,  1227. 
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I. 

II. 

III. 

IV. 

V. 

Specific  gravity  at  100°  C. 
Sapoaification  value 
Iodine  value 

Butyro  -  refractometer 
"  degrees  "  at  40°  C.  . 

Crystals,  exhibiting  the 
form  of  . 

1 

0-8585 
50-7' 
48-5 

plates 

0-8580 
195-5 
509 

48-3 

plates 

0-8575 
195-5 
48-9 

47-7 

plates 

0-8578 
195-5 
49-6 

47-5 

plates 

0-8588 
194-5 
54-3 

48-7 

plates 

(6)  Lard  oil  (French.— Huile  de  lard;  Gevm&n—Schmalzdl ; 
Italian— 0?io  di  lardo),  if  obtained  from  the  best  neutral  lard,  is  used  as 
an  ingredient  in  the  manufacture  of  margarine,  etc.  Lower  qualities 
are  employed  as  high-class  burning  and  lubricating  oils. 

According  to  the  pressure  and  the  temperature  employed  m  the 
process  of  separating  the  liquid  fi-om  the  soUd  portion,  the^solidifymg 
point  of  lard  oU  varies,  so  that  some  specimens  will  deposit  "  stearme  " 
at  the  ordinary  temperature,  or  even  solidify  completely  at  10°-12°  C, 
whereas  others  do  not  deposit  any  crystals  unless  cooled  to  the  freezmg 
point  Hence  the  usual  characteristics,  such  as  the  specific  gravities, 
and  especially  the  iodine  values  of  different  lard  oils,  vary  considerably, 
as  is  evidenced  by  the  numbers  contained  in  the  foUowmg  table  :— 


[Table 
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Polenske's  method  may  be  used  for  the  detection  of  considerable 
quantities  of  tallow  in  lard,  cp.  Fischer  and  Alpes?- 

Tolman  and  Munson  ^  found  in  a  number  of  lard  oils  from  18-9  to 
26-7  per  cent  of  solid  fatty  acids  by  the  lead-salt-ether  method. 

In  the  elaidin  test  lard  oil  behaves  very  much  Hke  olive  oil. 

The  change  which  lard  oil  undergoes  on  blowing  with  air  at  100°  C. 
is  characterised  by  the  numbers  given  in  the  following  table  :  ^ — 


Blown. 
Hours. 

Specific  Gravity. 

Bofractive  Index. 

Iodine  Value. 

0- 

0-914 

1-4697 

78-0 

3 

0-917 

1-4699 

76-0 

6 

0-917 

1-4700 

75-0 

9 

0-917 

1-4705 

72-0 

12 

0-918 

1-4707 

72-0 

15 

0-920 

1-4708 

71-0 

18 

0-923 

1-4709 

67-0 

21 

0-923 

1-4710 

67-0 

24 

0-925 

1-4713 

66-0 

Lard  oil  is  a  water-white  to  pale  yellow  liquid  at  the  ordinary 
temperature.  If  made  from  fresh  steam  lard  it  is  practically  devoid 
of  fi-ee  fatty  acids.  Such  lard  oil  is  used  (chiefly  ui  Europe)  m  the 
manufacture  of  compound  lards,  and  of  margarme  ("  oleomargarme  "). 
Those  lard  oils  which  are  unsuitable  for  edible  purposes  and  contain 
a  small  amount  of  free  fatty  acids  are  used  as  high-class  lubricating 
oils,  wool  oils,  finest  burning  oils,  and  in  the  United  States  in  place  of 
olive  oil  for  making  silk-scouring  soaps,  and  for  lubricating  the  silk 
fibre  for  weaving. 

On  account  of  its  high  price,  lard  oil  is  very  frequently  adulterated, 
notably  so  with  tallow  oil  and  "greases."  Such  mixtures  exhibit 
normal  'numbers  in  the  usual  quantitative  tests ;  their  detection  is 
facilitated  by  organoleptic  tests. 

Other  adulterants,  such  as  mineral  oils  or  vegetable  oils,  are  detected 
by  the  quantitative  reactions  and  the  methods  described  above.  Fish 
and  blubber  oUs  in  lard  oil  intended  for  lubricating  purposes  are  best 
detected  by  isolating  the  ether-insoluble  bromides  of  the  liquid  fatty 
acids. 

BEEF  MARROW  FAT 

French— (?raisse  de  moelle  de  bceuf.  Gevmsin—RindermarJcfetL 
Itahan — Grasso  di  midollo  di  hove. 

For  tables  of  characteristics  see  p.  745. 

Beef  marrow  fat  is  recovered  from  the  marrow  bones  of  cattle. 
The  marrow  fat  fi-om  the  shin  bones  is,  in  the  United  States,  usually 
mixed  with  the  oil  from  the  feet  (cp.  "  Neat's  Foot  Oil  "). 

1  Zeits.  f.  Unters.  d.  Nahrgs-  u.  Oenu.ism.,  1909  (xvii.),  181. 
2  journ.  Amer.  Chem.  Soc,  1903,  966. 
3  Proctor  and  Holme.s,  Journ.  Soc.  Chem.  Ind.,  1905,  1287.  Original  oil. 
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Refractive  Index. 
Butyro-refracto- 
meter. 

Obsen-er. 

Dunlop 

"Degrees" 
at  25°  C. 

in 

Reichert  Value. 

Ob- 
server. 

W 

o 
c 

1-H 

Iodine  Value. 

11 

Observer.  J 
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The  freshest  marrow  bones  are  kept  separate  from  the  waste  butchers' 
bones  ("  streeters ").  They  are  sawn  into  two  and  the  marrow 
knocked  out. 

Medullic  acid,  stated  by  Eylerts  to  occur  in  beef  marrow,  is,  accord- 
ijig  to  Thummel,  a  mixture  of  palmitic  and  stearic  acids. 

Freshly  rendered  marrow  fat  has  a  low  acid  value,  044  {Dunlop 
1-6  (Zinlc).  A  specimen  eight  months  old  gave  the  number  1-9. 
Evidently  the  acid  value  depends  on  the  state  of  freshness  of  the 
bones.  According  to  Glikin,^  iron  seems  to  occur  regularly  in  beef 
marrow  fat ;  the  marrow  of  young  animals  is  stated  to  contain  a  higher 
amount  of  iron  than  that  of  old  animals. 

Nerlhing^  examined  separately  beef  marrow  fats  from  red  and 
yellow  marrow.  The  fat  from  yellow  marrow  consisted  of  78  per  cent 
of  oleic  acid,  14-2  per  cent  of  stearic  acid,  and  7-8  per  cent  of  palmitic 
acid ;  and  the  fat  of  red  marrow  of  47-4  per  cent  of  oleic  acid,  36-3 
per  cent  of  stearic  acid,  and  16-3  per  cent  of  palmitic  acid.  The  yellow 
marrow  contained  0-3  per  cent  of  cholesterol  and  0-18  per  cent  of 
lecithin,  and  the  red  marrow  0-28  per  cent  of  cholesterol  and  0-2  per  cent 
of  lecithin.* 

Beef  marrow  fat  is  used  in  pharmacy  and  for  making  pomades. 


BONE  FAT 


Yiench—Suif  iVos.  Gevrntin—Knochenfelt. 
Italian — Grasso  iV  ossa. 

For  tables  of  characteristics  see  p.  750. 

Bone  fat  is  practically  a  by-product  in  the  process  of  worldng  up 
bones,  whether  they  be  intended  for  the  manufacture  of  char  or  for 
the  production  of  glue  and  gelatme.  In  either  case  the  "  degreasmg ' 
of  the  bones  must  precede  all  further  manipulations.  Bones  froni 
heads,  ribs,  shoulder  blades,  etc.,  contain  from  12  to  13  per  cent  of 
fat,  whilst  the  large  thigh  bones  ("  marrows  ")  contam  as  much  as  lb 
to  20  per  cent.  These  numbers  apply  to  fresh  bones  only.  The  amount 
of  fat  that  can  be  recovered  decreases  according  to  the  age  and  ran- 
cidity of  the  bones.  Bone  fat  is  obtained  chiefly  by  two  processes, 
firstly,  by  boiling  with  water  at  the  ordinary  pressure  or  by  steammg 
under  high  pressm-e,  and  secondly,  by  extracting  with  volatile  solvents. 

■  The  oldest  process  for  producing  bone  fat  consisted  m  boilmg  the 
broken  bones  with  water  in  open  vessels  and  allowmg  the  hot  liquor 
to  stand,  when  the  fat  separating  on  the  top  was  slcmmed  oft.  it 
fresh  bones  were  used,  the  bone  fat  so  recovered  had  a  white  to  yeHowisii 
colour,  a  faint  odour  and  taste,  and  possessed  the  consistence  of  butter. 

1  Analyst,  1907,  318.  ]  f/T'fqoT^^^S^^"' 

«  In  the  United  States  bone  fat  of  tins  description  is  sold  under  the  name  buttei 
stock-tallow." 
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If.  however,  old  and  putrid  bones  were  employed,  tlie  bone  fat  so 
recovered  passed,  according  to  the  age  and  state  of  decomposition  of 
the  organic  matter  in  the  bones,  through  all  gradations,  from  white 
fat  (containing  a  few  per  cent  of  free  fatty  acids  and  an  inconsiderable 
amount  of  impurities  and  having  a  slightly  disagreeable  smell)  to  a 
brownish,  less  pleasantly  smelling  fat,  and  finally  to  a  dark  brown 
mass  of  offensive  odour.  This  last  contained  large  quantities  of  free 
fatty  acids,  hme  soaps  (formed  by  the  action  of  fatty  acids  on  the  lime 
salts  of  the  bones),  and,  furthermore,  calcium  salts  of  lactic  acid  and 
of  volatile  fatty  acids  (such  as  butyric,  etc.),  which  are  the  usual  con- 
comitants of  rancidity. 

By  this  boiling-out  process  only  half  of  the  fat  contained  in  the 
bones  can  be  recovered. 

Not  only  was  the  yield  an  inferior  one,  but  the  nuisance  created 
by  the  evil  smells  emitted  from  bone  works  has  rendered  this  process 
a  practically  obsolete  one. 

An  important  improvement  in  the  manufacture  consists  in  treating 
the  bones  with  steam  under  pressure.  The  bones  are  broken  and 
placed  in  a  cage  fixed  inside  an  autoclave,  where  they  are  heated  with 
open  steam  under  a  pressure  of  two  or  three  atmospheres.  The  bone 
fat  resulting  from  this  process  is  of  the  same  quality  as  the  fat  obtained 
by  the  obsolete  process,  especially  if  the  steaming  is  limited  to  the 
shortest  possible  time,  so  that  only  a  small  amount  of  glue-yielding 
material  is  extracted.^  In  large  slaughter-houses,  especially  those  of 
America  (United  States  and  South  America),  where  the  bones  are 
worked  up  in  the  fresh  state,  the  boiling  or  steaming  out  is  preceded 
by  a  washing  operation  in  "  bone  -  washing  machines."  These  are 
cylinders  usually  10  feet  long  and  3  feet  to  4  feet  in  diameter,  built 
up  from  iron  bars,  1  inch  apart,  fixed  into  two  cast-iron  heads.  They 
are  driven  by  chain  and  sprocket  and  rotate  slowly,  making  about 
ten  revolutions  per  minute.  Through  the  entire  length  of  the  drum 
there  is  a  hinged  door  made  of  bars,  which  allows  the  filling  and  empty- 
ing of  the  cylinder.  The  machines  are  usually  set  at  an  angle  to  facili- 
tate the  washing  and  emptying  operations.  Some  manufacturers  even 
resort  to  steeping  the  bones  in  a  solution  of  sulphurous  acid  in  order 
to  obtain  a  whiter  fat  (as  ahd  a  better  glue).  The  yield  of  bone  fat  in 
the  steaming-out  process  under  pressure  is  considerably  higher  (by 
about  50  per  cent)  than  in  the  boiling-out  process  in  open  vessels,  so 
that  from  bones  containing  12  per  cent  of  fat,  about  8  to  9  per  cent  can 
be  recovered. 

Bone  fats  of  this  quality  can  be  bleached,  but  only  the  best  kinds 
are  likely  to  yield  a  good  product.  The  higher  the  percentage  of  free 
fatty  acids  the  greater  is  the  difficulty  in  bleaching.  In  fact,  products 
containing  more  than  50  per  cent  of  free  fatty  acids  could  not  hitherto 
be  bleached  successfully.  Bone  fats  from  which  the  free  fatty  acids 
have  been  removed  are  much  more  susceptible  to  bleaching  and 
deodourising  processes  than  the  raw  material.    In  some  cases  bone  fat 

'  H.  Ililbert  and  Bayerische,  Aktien-Ges.  f.  Chem.  u,  landw.  chemischo  Fiibrikate  ; 
French  patents  1527  and  1559. 
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may  be  bleached  with  potassium  dichromate  and  hydi'ochloric  acid 
in  the  same  manner  as  palm  oil  is  bleached. 

Practically  the  total  amomit  of  bone  fat  in  bones  can  be  obtained 
by  treatment  with  solvents,  a  process  which  leaves  the  animal  tissue 
unimpaired,  so  that  the  whole  of  the  glue-yielding  organic  substances 
can  be  converted  into  glue  after  the  fat  has  been  removed.  Hence  the 
extraction  process  has  come  largely  into  vogue.  Especially  those  bones 
which  are  no  longer  fresh  are  worked  up  in  this  manner.  The  solvents 
used  for  extraction  were  up  to  recently  almost  exclusively  petroleum 
ether  (benzine)  and  Scotch  shale  oil  (boiling  between  212°  and  270° 
F.).  Latterly  also  carbon  tetrachloride  has  been  used  on  an  experi- 
mental scale.  The  use  of  benzol  and  trichloroethylene  has  also  been 
advocated  in  place  of  benzine.  Extraction  apparatus  may  be  divided 
broadly  into  two  classes :  1,  those  in  which  the  solvent  acts  on  the 
bones  direct ;  and  2,  those  in  which  the  vapour  is  allowed  to  come  into 
contact  with  the  bones. 

The  extraction  with  benzine  or  shale  oil  takes  place  in  iron  digesters 
under  pressure,  or  in  open  apparatus.  The  process  in  which  pressure 
is  employed  is  the  more  dangerous  one,  and  has  not  infrequently  led 
to  explosions.  The  yield  depends  on  the  time  during  which  the  solvent 
acts  on  the  bones,  as  also  on  the  construction  of  the  apparatus  used. 
That  apparatus  will  be  the  best  in  which  the  volatile  solvent  is  so 
successfully  condensed  that  only  a  small  amount  is  lost.  The  fat 
obtained  by  the  extracting  process  is  dark  brown,  and  has  a  very 
penetrating,  unpleasant  smell.  This  fat  contains  besides  a  consider- 
able amount  of  free  fatty  acids,  lime  soaps,  calcium  lactate,  calcium 
butyrate,  hydrocarbons  from  the  petroleum  ether,  and  colouring  sub- 
stances. Hitherto  this  kind  of  fat  has  not  been  bleached  successfully, 
and  even  when  some  immediate  improvement  was  obtained,  the  colour, 
as  also  the  unpleasant  smell,  "  reverted  "  after  a  short  time.  H. 
Volland  1  claims  to  bleach  successfully  extracted  bone  fat  by  means  of 
barium  peroxide. 

The  extraction  by  means  of  carbon  tetrachloride  is  carried  out 
in  open  vessels  under  ordinary  pressure  ;  as  the  solvent  attacks  iron, 
the  vessels  must  be  lead-lined.  Specimens  of  carbon  tetrachloride- 
extracted  bone  fats,  which  the  author  has  had  occasion  to  examine,  were 
superior  as  regards  smell  and  colour  to  benzine-extracted  fats  (cp. 
p.  23).  This  may  be  ascribed  to  the  fact  that  carbon  tetrachloride 
permits  a  lower  temperatxrre  to  be  employed ;  at  such  lower  ternpera- 
ture  the  organic  nitrogenous  substances  are  less  attacked  than  is  the 
case  if  the  higher  boiling  benzine  is  used.  Hitherto  the  price  of  this 
solvent  has  militated  against  its  introduction  in  bone-fat  works,  and 
carbon  tetrachloride-extracted  bone  fat  has  not  yet  been  placed  on  the 
market  in  considerable  quantities.  For  the  processes,  the  original 
patents  must  be  consulted.^ 

The  following  statistical  data  may  be  of  interest : — 

1  German  patent  222,669.  .  o^a  ar7  ■ 

2  V  Girsewald,  English  patent  13,094,  1911  ;  L.  Doruer,  German  patent  218,48/  , 
B.  Berliner,  German  patent  208,443  ;  A.  Meiro,  English  patent  18,468,  1909. 
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Impart  of  Bones  into  Germany  in  Tons  during  1902-1911. 


Origin. 

1902. 

1003. 

1904. 

1905. 

1906. 

1908. 

1909. 

1910. 

1911. 

La  Plata 

1759 

3696 

253 

1260 

Levant 

2202 

1104 

1375 

1909 

710 

Other  countries  . 

858 

783 

1079 

938 

640 

Total  . 

4819 

5583 

2707 

4097 

1350 

3598 

9225 

7972 

11,839 

The  following  brands  are  known  commercially  :  "  R  K  "  "  B  W  " 
and  "  S.B."  '  ■ 

Wliereas  bone  fat  obtained  by  the  boiling  and  steaming-out 
processes  can  be  used  for  soap-making,  bone  fat  extracted  by  means  of 
benzine  is  utterly  unsuitable  for  that  purpose  in  this  country  on  accoimt 
of  its  rank  odour,  and  can  only  be  used  in  candle  works.  On  the 
Continent  such  benzine-extracted  fat  does  find  employment  in  small 
quantities  for  inferior  soaps.  If  bone  fat  intended  for  soap-making 
purposes  contains  a  considerable  amount  of  lime,  it  must  first  be  treated 
with  dilute  mineral  acid. 

Occasionally  bone  fat  is  worked  up  for  the  preparation  of  "  bone 
oil  "  (cp.  also  "  Neat's  foot  oil  ").  The  process  is  exactly  the  same 
as  that  employed  in  the  production  of  tallow  oil  (see  p.  764).  "  Bone 
oil  "  is  used  as  a  lubricant,  and  in  the  leather  industries  in  a  similar 
manner  to  neat's  foot  oil.  If  practically  devoid  of  free  fatty  acids,  it 
represents  one  of  the  finest  lubricating  oils  on  account  of  its  low  "  cold 
test." 

The  chemical  composition  of  bone  fat  lies  between  that  of  marrow 
fat  and  tallow.  Hence  the  valuation  of  bone  fat  is  carried  out  in  a 
similar  manner  to  that  of  tallow.  But  a  complication  arises  through 
the  presence  of  calcium  salts  of  higher  fatty  acids,  and  of  calcium 
lactate  and  butyrate. 

It  has  been  pointed  out  already  (Vol.  I.  Chap.  IV.)  that  lime  soaps 
tenaciously  retain  water,  so  that  the  direct  determination  of  moisture 
may  lead  to  erroneous  results.  With  regard  to  impurities  of  a  non- 
fatty  nature,  it  should  be  borne  in  mind  that  different  results  are 
obtained  according  as  the  fat  is  extracted  after  previous  drying  (as  in 
the  English  or  German  method),  or  is  extracted  undried  (as  in  the 
French  method).  From  dried  bone  fats  most  of  the  lime  salts  are 
dissolved  by  petroleum  ether,  whereas  in  the  case  of  undried  bone 
fats  most  of  the  soaps  remain  undissolved.  The  method  employed 
should,  therefore,  be  distinctly  stated  when  the  results  of  the  analysis 
are  returned. 
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The  errors  inherent  to  the  older  methods  are  avoided  by  adopting 
the  process  proposed  by  ShuJcoff  and  Schestakoff :  ^ — 

Fatly  Matter. — This  is  determined  direct.  Weigh  ofE  10  grms. 
in  a  small  conical  flask^  add  3  to  5  drops  of  strong  hydrochloric  acid^ 
and  warm  on  the  water-bath  for  about  one  hour,  agitating  the  contents 
of  the  flask  from  time  to  time,  whereby  the  lime  soaps  are  decom- 
posed. Then  add  40  c.c.  of  petroleum  ether,  agitate  to  dissolve  the 
fatty  matter,  and  pour  the  solution  carefully  (leaving  the  few  drops 
of  acid  at  the  bottom  of  the  flask)  through  a  tared  filter  into  a  second 
flask ;  wash  two  or  three  times  with  petroleum  ether,  and  determine 
the  fatty  matter  in  the  ethereal  solution  as  described  Vol.  I.  Chap.  IV.^ 

Impurities,  organic  and  inorganic. — The  dirt  and  the  acid  solution 
from  the  first  flask  are  washed  with  the  aid  of  petroleum  ether  on  to 
the  tared  filter,  dried,  and  determined  as  described  Chap.  IV.  ;  of  course 
lime  and  other  inorganic  substances  are  washed  away  with  the  acid 
solution. 

Ash. — This  is  found  by  incinerating  a  fresh  portion  of  the  sample. 
The  lime  of  the  organic  lime  salts  is  thus  converted  into  calcium 
carbonate  ;  the  amount  of  the  latter  may  be  ascertained  by  titrating 
the  ash  with  standardised  acid. 

Moisture. — This  is  found  by  difference  (cp.  also  p.  770). 

The  fatty  matter  consists  of  the  neutral  fat,  of  the  free  fatty  acids 
originally  contained  in  the  bone  fat,  and  of  fatty  acids  liberated  from 
the  lime  salts.  It  also  contains,  of  course,  imsaponifiable  matter. 
Among  the  latter  Shukoff  and  Schestakoff  fomid  cholesterol  to  the 
extent  of  from  0-2  to  0-6  per  cent.  The  amount  of  the  unsaponifiable 
matter  is  found  by  the  method  described  in  Vol.  I.  Chap.  VI. 

The  determination  of  the  unsaponifiable  matter  is  of  great  import- 
ance, as  during  the  last  few  years  admixture  to  bone  fat  of  all  kinds  of 
waste  fats,  especially  of  those  containing  considerable  amounts  of 
unsaponifiable  matter  (see  Vol.  III.  Chap.  XVI.,  "  Waste  Fats  "),  has 
been  practised  in  a  considerable  extent.  The  examination  of  the 
isolated  imsaponifiable  matter  is  frequently  required,  and  is  carried 
out  by  the  method  given  in  Vol.  I.  Chap.  IX.  Adulteration  with  wool 
fat^said  to  occur  in  continental  bone  fats — would  thus  be  readily 
detected. 

The  following  table  reproduces  some  analyses  published  by  Shukoff 
and  Schestakoff  :— 


1  Chem.  Jlevue,  1898,  6. 
'■^  Cp.  al.so  Schicht  and  Halperii,  Ghem.  ZeiL,  1907,  279. 
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Description  of  Bone  Pat. 

Fatty 
Matter. 

Impurities. 
Organic.  Inorganic. 

Moisture 
Difference. 

Unsaponi- 
fiable 
Matter. 

Tif  o»« 
1  lUcr 

Test.^ 

Russian — Petersburg 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

°C. 

98-65 

0-15 

1-20 

1-80 

39-9 

1)  • 

99-00 

0-15 

0-85 

0-82 

39-9 

)i 

99-10 

0-10 

0-80 

0-52 

40-2 

Russian  .... 

99-15 

0-10 

0-75 

0-50 

42-5 

))■•.. 

97-30 

0-10 

0-40 

2-47 

1-07 

40  -3 

11      •       •       .  . 

9C-60 

0-05 

0-50 

3-58 

1-12 

39-1 

,,      from  the  South  . 

94-35 

0-25 

0-90 

4-50 

1-40 

41-4 

92-45 

0-30 

0-70 

6-65 

1-20 

40-9 

Englisli — pale 

93-35 

0-08 

0-20 

6-37 

1-26 

39-7 

98-20 

0-25 

0-75 

1-42 

0-56 

39-3 

"melted  stuff " 

97-04 

0-30 

0-15 

2-15 

39-8 

The  following  two  tables  contain  some  analyses  of  bone  fats.  The 
first  tables  is  due  to  Valenta,^  the  second  to  Troicky  :  ^ — 


^  Cp.  table,  p.  754. 

2  Zeitschr.f.  Chem.  Ind.,  1887,  265  ;  Juurn.  Soc.  Chem.  hid.,  1888,  219. 

3  Chem.  Zeit.  Rep.,  1890,  239. 
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1 


earic  Acid. 

DOl^WOi— tCOi— fOacO 

+J 
CO 

Oleic  Acid,  j 

Per  cent. 
59-18 
58-69 

54-  34 
48-08 
52-20 

55-  36 
57-24 

56-  90 
63-69 

Solidifying  Point 
of  Fatty  Acids. 

in  lo 

Iodine  Value. 

Saponifica- 
tion Value. 

ODOOII^COCOOOOOCO 

Patty  Acids. 

Per  cent. 

93-  20 

94-  40 
94-12 
86-10 
91-30 

91-  00 

92-  40 
92-85 
91-50 

1 

Ash. 

§  CO  OJ  >n  yi^  (N        «  p  CO 

Water. 

Per  cent. 
1-20 

0-47 
0-58 
0-84 
0-78 

0-  85 

1-  82 

0-  91 

1-  52 

Description  of  Bone  Fat. 

Boiled  out 
Extracted 

Boiled  out,  Russian 
Extracted,  ,, 

Boiled     out,  from 
horse  bones 

No. 

1 

XIV 


BONE  FAT — TALLOW 


765 


For  other  kinds  of  bone  fat,  see  Vol.  III.  Chap.  XVI.,  "  Bone 
Grease." 

As  has  been  pointed  out  already,  bone  fat  is  worked  up  in  soap 
and  candle  works.  It  has  also  been  mentioned  that  the  benzine- 
extracted  fat  is  practically  unusable  in  soap-making.  Such  bone  fat 
forms  suitable  material  for  candle-making  purposes.  The  "  stearine  " 
("  stearic  acid  ")  obtained  from  bone  fat  crystallises  readily,  but  on 
account  of  its  inferior  properties  as  a  candle  material  bone  fat  is  not 
worked  up  by  itself  (Vol.  III.  Chap.  XV.)  for  candles,  but  generally 
in  admixture  with  other  raw  materials.  The  following  table  gives  a 
distillation  of  fatty  acids  from  bone  fat : — 


Fat. 

Colour. 

Acid 
Value. 

Saponi- 
fication 
Value. 

Iodine 
Value. 

Titer 
Test. 
°C. 

Mean 
Molecular 
Weight. 

Eemarks. 

Bone  fat  distillate  . 

„       1st  fraction 
„       2nd  fraction 
„       3rd  fraction 

Yellowish 

Wliite 

Yellowish 

Yellow 

210-  2 

220-0 

211-  4 
197-5 

211-6 

220-0 
211-4 
198-0 

43-7 

41-7 
52-3 
59-2 

40-4 

40-  3 

41-  0 
41-9 

286-1 

255-3 
265-6 
284-3 

Average 
sample 
Amorphous 
Crystalline 
Amorphous 

The  impurities  contained  in  bone  fat,  notably  the  fatty  acids  of  low 
molecular  weight,  pass  into  the  glycerin  waters.  They  are  hable  to 
ferment,  and  the  crude  glycerin  finally  obtained  contains  impurities 
which  are  not  readily  removable  even  by  distillation.  Dynamite 
glycerin  made  from  such  raw  material  not  infrequently  contains  tri- 
methyleneglycol  (see  Vol.  III.  Chap.  XV.). 


TALLOW  [beef  TALLOW,  MUTTON  TALLOW] 

French — Suif  {de  bceuf,  de  mouton).  German — Talg  (Rindstalg,  Ham- 
meltalg).  Italian — Sego  {di  hove,  di  montone). 

In  commerce  a  distinction  is  made  between  beef  tallow  and  mutton 
tallow.  The  former  is  obtained  from  oxen,  cows,  and  calves ;  the 
latter  from  sheep  and  goats.  This  distinction  is,  b^a\dly  speaking, 
supported  by  chemical  differences  in  the  composition  of  the  respective 
triglycerides,  mutton  tallow  being  as  a  rule  richer  in  stearin  than  beef 
tallow  (see  below). 

Mutton  tallow  has  a  stronger  and  more  unpleasant  flavour  "  animal 
flavour  "  than  beef  tallow,  which  inhibits  its  use  as  an  edible  fat  in  the 
margarine  industry. 

The  quality — especially  the  hardness — of  tallow  depends  on  the 
breed  and  the  age  of  the  animal,  and  to  some  extent  on  the  food.^ 
The  fat  from  the  male  beast  is  generally  harder  than  that  obtained 

'  C'p.  Moulton  and  Trowbridge,  Juurn.  Ind.  and  Eng.  0/ieiii.,  1909,  761. 
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from  the  female.  Animals  fed  on  grass  yield  a  harder  fat  than  those 
fed  with  oilcakes  ;  brewery  refuse  produces  especially  soft  tallow. 
Hence  we  have  all  gradations^  from  the  hard  South  American  beef 
tallow  to  home-melt  tallow  of  somewhat  softish  consistence. 

The  rough  fat  is  delivered  with  the  adhering  tissue,  etc.,  to  the 
tallow-melters,  and  is  rendered  at  a  temperature  of  about  100°  C.  or 
above,  as  has  been  described  already,  p.  3. 

The  fats  from  difierent  parts  of  the  carcass,  although  of  unequal 
value,  are  not  kept  separate,  unless  the  fat  be  intended  for  the  manu- 
facture of  oleomargarine,  or  of  best  commercial  quality. 

At  present  the  tendency  prevails  to  collect  the  rough  fat  as  far 
as  possible  in  large  rendering  establishments  fitted  up  with  modern 
appliances.  Hence  the  slaughter-houses  in  large  towns— especially 
on  the  Continent— have  at  present  as  an  adjunct  a  tallow-rendering 
establishment.  These  are  found  on  the  most  gigantic  scale  in  the 
large  packing-houses  of  the  United  States  of  America  as  also  of  South 
A.in63ric  Si 

For  the  production  of  tallow  for  the  manufacture  of  margarme 
the  more  valuable  kidney  fat  ("  suet,"  "  edible  fat")  and  bowel  fat 
("  midgerum  fat ")  [French,  suif  en  branches  or  en  rames ;  German, 
Rohkern]  is  dealt  with  separately  and  not  mixed  with  the  caul-  (or 
kell-,  i.e.  omentum)  fat  and  the  fat  from  other  parts  of  the  carcass 
[Yiench,  degraisse  ;  German,  Rohausschnitt]. 

By  melting  this  selected  fat  at  low  temperatures— not  exceedmg 
50°  C  —the  "  premier  jus  "  is  obtained  (cp.  Vol.  IH.  "  Margarme  "). 

The  production  of  "  premier  jus  "  and  the  further  workmg  up  of 
the  same  into  "  beef  stearhie  "  (or  "  mutton  stearme  ")  and  oleo- 
margarine, "  oleo  oil,"  is  carried  out  on  practically  the  same  hues  as 
described  under  the  heading  "  Lard."  FuUer  detaUs  are  given  m 
Vol.  in.  under  the  heading  "  Margarine."    The  best  suet  is  known  as 

edible  tallow.  ,  •  j.  j 

The  foUowing  commercial  brands  of  tallow  are  ditterentiated  .— 

(1)  Eendered  tallow,  which  contains  all  the  fat  from  the  carcass. 

(2)  "  Premier  jus."  . 

(3)  Pressed  taUow  (taUow  stearine,  beef  stearine,  mutton  stearme, 

oleostearine). 

(4)  Oleomargarine,  oleo  oil.  ■,  j  n  »  ; , 
The  first-named  quality  of  tallow,  viz.  "rendered  tallow,  is 

frequently  expressed  in  hydraulic  presses  for  the  preparation  of 
tallow  stearine  and  tallow  oil  (see  below).  .       .  ,  u 

It  is  almost  impossible  to  estimate  the  quantity  of  home-melt 
tallow  produced  in  European  comitries,  as  the  production  is  scattered 
over  the  smallest  estabUshments  embracmg  even  those  of  butchers  in 
villages  The  amount  of  home-melt  tallow  produced  depends,  of  course, 
Tthe  stock  of  cattle  and  sheep  kept  in  each  comitry.  From  carefully 
collected  private  information  the  author  estimated  that  the  pi-oduction 
of  home  melt  taUow  of  the  United  Kingdom  in  1900  represented  a  value 
o  £3  000  000  corresponding  to  over  100,000  tons.  This  seems  to  hav 
^creased  in  the  year  1902  by  about  10  per  cent.    But  no  absolute 
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reliance  can  be  placed  on  these  figures^  and  it  would  rather  appear  from 
official  publications  that  the  amount  is  decreasing,  for  whilst  the  number 
of  cattle  kept  in  this  country  in  1871  amounted  to  9,320,000  heads, 
and  had  increased  to  11,504,000  in  1900,  the  number  of  sheep  had 
actually  decreased  from  33,192,000  heads  in  1871  to  29,746,000  in  1900. 
This  is  further  confirmed  by  the  following  numbers  taken  from  the 
"  Agricultural  Ee turns  of  Great  Britain  "  : — 


Cattle — 
1906 
1907 
1908 
1909 
1910 
1911 

Sheep — 
1906 
1907 
1908 
1909 
1910 
1911 

Pigs— 
1906 
1907 
1908 
1909 
1910 
1911 


England. 


Heads. 
5,060,862 
4,988,183 


14,839,927 
15,099,976 


1,983,602 
2,257,178 


Wales. 


Heads. 

747,715 

738,884 


3,586,095 
3,703,372 


209,660 
232,996 


Scotland. 


Heads. 
1,202,279 
1,185,452 


6,994,338 
7,313,155 


130,199 
146,634 


Total  for  Great 
Britain. 


Heads. 
7,010,856 
6,912,519 
6,905,134 
7,020,982 
7,037,327 
7,114,264 

25,420,360 
26,116,503 
27,119,730 
27,618,419 
27,102,946 
26,494,992 

2,323,461 
2,636,808 
2,823,482 
2,380,887 
2,349,946 
2,822,154 


An  approximate  estimate  as  to  the  amount  of  "  home-melt  "  tallow 
that  is  obtained  from  imported  living  animals  may  be  derived  from  the 
numbers  reproduced  in  the  following  table  : — 


Heads  of  Imported  Living  Animals 


1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 


Oxen  and  Bulls. 


518,435 
645,005 
560,202 
565,644 
463,047 
378,566 
310,438 
201,969 
188,594 
44,790 


Cows. 


1,411 
1,138 
796 

3,687 
4;264 
10,507 
17,263 
11,410 
3,839 


Calves. 


80 
1 

143 
309 
395 
329 
394 
283 


Sheep  and  Lambs 


348,060 
374,098 
174,706 
90,643 
95,634 
78,900 
8,131 
427 
47,073 
15,430 


758  GLYCERIDES — NON-DRYING  ANIMAL  FATS  chap. 

Corresponding  returns  for  other  countries,  as  far  as  they  are  avail- 
able, are  collated  in  the  following  table  : — 


Cattle. 

Sheep. 

Year. 

Heads. 

Year. 

Heads. 

France   

1893 
1904 
1905 
1907 
1908 
1909 
1910 
1911 

12,879, UUU 
14,137,000 
14,315,552 
13,949,722 
14,239,730 
14,297,570 
14,532,030 
14,552,430 

1882 
1900 
1904 
1905 
1907 
1908 
1909 
1910 
1911 

9q  KflO  000 
23,800,000 
20,180,000 
1,780,000 
17,783,209 
17,460,284 
17,456,380 
17,357,640 
17,110,760 
16,425,330 

Germany  

1873 
1883 
1900 
1904 
1907 
1908 
1909 
1910 

15,777,000 
15,787,000 
18,391,000 
18,940,000 
20,630,544 

1873 
1883 
1892 
1900 
1904 
1907 
1908 
1909 
1910 

25,000,000 
19,190,000 
13,590,000 
10,865,000 
9,690,000 
7,703,710 

Austria  

1891 
1900 
1902 
1910 

8,644,000 
9,511,000 
9,025,257 
9,160,009 

1868 
1880 
1901-4 
1910 

5,025,000 
3,841,000 
2,621,000 
2,428,101 

TTiincarv  .       .       .       •  • 

1884 
1895 
1906 
1907 
1908 
1909 
1911 

4,879,000 
6,738,000 
6,511,362 
6,806,781 
7,336,764 
7,152,568 
7,318,088 

1870 
1880 
1901-4 
1906 
1907 
1908 
1909 
1911 

15,076,000 
9,389,000 
8,122,000 
7,581,287 
8,113,907 
8,460,375 
7,904,634 
8,547,042 

Russia  

1883  ^ 

1900 

1904 

1905 

1906 

1707 

1908 

1909 

1910 

46,725,000 
43,587,000 
33,710,000 
33,773,335 
31,994,849 
31,169,356 
30,800,826 
31,472,878 
31,300,345 

18701 
18821 
1901-3 
1904 
1905 
1906  . 
1907 
1908 
1909 
1910 

45,297,000 

47,609,000 

70,647,000 

53,185,000 

44,236,10P 

41,513,110'= 

38,036,396'= 

38,048,736  2 

40,149,3262 

38,469,432  2 

'  The  provinces  of  the  North  Caucasus  are  not 
2  Including  goats. 


XIV 


TALLOW 


759 


Cattle. 

Sheep. 

Year. 

Heads. 

Year. 

Heads. 

1870 

725,000 

1870 

4,919,000 

1881 

1,112,000 

1881 

5,995,000 

1890 

1,233,000 

1890 

8,952,000 

1900 

992,000 

1900 

6,723,000 

1904 

1,080,000 

1904 

8,611,000 

1905 

1,066,404 

1905 

9,062,636 

1906 

1,078,218 

1906 

8,799,730 

1    AD  1    tjf^  A 

1,081,734 

1907 

9,314,515 

1908 

1,092,202 

1908 

9,632,177 

1909 

1  TOO  f;sfi 

1910 

1  1  97  ^T7 

1911 



111^  Q'l9 

IQl  1 

United  States  of  America 

1890 

52,802,000 

1890 

43,431,000 

1900 

43,902,000 

1900 

41,883,000 

1904 

61,242,000 

1904 

45,870,000 

-lyuo 

etc  OCT  CfOCI 

00,001, 5z2 

1906 

50,631,619 

1907 

72,533,996 

1907 

53,240,282 

1908 

71,267,000 

1908 

54,631,000 

1909 

71,099,000 

1909 

56,084,000 

1910 

69,080,000 

1910 

57,216,000 

None  of  the  European  countries  are  at  present  exporting  tallow^  the 
quantities  exported  from  the  United  Kingdom  being  in  fact  re-exports. 
Russia,  which  up  to  about  two  decades  ago  was  a  tallow-exporting 
country,  has  been  forced  to  draw  upon  the  world's  supply  for  her  own 
demands.  Indeed  the  production  in  Eussia  is  rapidly  decreasing. 
The  United  States  has  also  ceased  to  export  tallow  and  now  imports 
from  South  America. 

The  chief  sources  of  tallow — in  addition  to  the  "  home-melt " 
production — are  at  present  Australasia,  South  America/  and  North 
America.  The  quantities  imported  into  the  United  Kingdom  and 
the  surplus  exported  to  the  Continent  of  Europe  are  given  in  the 
following  table  : — 


'  The  export  from  the  Falkland  Islands  in  1012  was  180  tons. 
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More  detailed  figures  for  the  years  subsequent  to  1907  are  given 
below  : — 


Imports  of  Tallow,  Unrefined,  and  Stearine 


1908. 

1909. 

1910. 

1911. 

1912. 

1918. 

Belgium  

China  (exclusive  of  Hong-Kong, 

Macio,  and  Wei-hai-Wei) 
United  States  of  America  . 
Uruguay  .... 
Argentine  Republic 
Other  foreign  countries 

Cwts. 
9,322 
9,400 
55,623 
36,605 

56,038 
427,915 

73,209 
447,498 
8,426 

Cwts. 
10,523 
11,019 
54,203 
40,134 

119,064 
263,385 
50,059 
429,637 
8,366 

Cwts. 
12,281 
21,213 
50,340 
43,756 

74,266 
48,089 
173,829 
412,628 
17,148 

Cwts. 
14,181 
18,469 
52,962 
31,056 

21,716 
140,824 

51,464 
437,519 

12,308 

Cwts. 
12,552 
5,838 
44,320 
26,175 

94,316 
81,539 
88,124 
491.118 
13,422 

Cwts. 

92^120 

24a540 
159,860 

Total  from  foreign  countries 
British  East  Indies 

Australia  

New  Zealand  ... 

Falkland  Islands  .... 
Other  British  Possessions  . 

1,124,036 
4,620 
542,279 
377,007 
1,871 
6,068 
836 

986,390 
1,883 
735,988 
459,525 
1,740 
10,164 
866 

853  550 
892 
1,099,514 
499,204 
538 
7,296 
1,777 

20 

998,231 
413,305 
3,010 
7,027 
1,572 

828,585 
438,528 

11,955 

1 1,329,540 
137i620 

Total  from  British  Possessions  . 

932,681 

1,210,166 

1,609,221 

1,423,165 

1,279,068 

Total 
Exports  of  Tallow 

2,056,717 
1,014,525 

2,196,556 
1,068,778 

2,462,771 
1,295,752 

2,203,664 
1,173,769 

2,136,472 
977,956 

As  a  complement  to  the  above  table  the  author  gives  in  tabular 
form  the  shipments  of  Australian  tallow  to  Europe  :— 


Australian  Shipments  to  Europe 


Year. 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
190.3 
1904 


Tons. 
76,650 
48,250 
61,600 
45,000 
46,143 
47,000 
40,000 
32,400 
25,900 
35,400 


Year. 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 


Tons. 
38,300 
43,100 
42,600 
38,900 
55,800 
72,300 
69,000 
58,500 
72,200 


The  amount  of  beef  tallow  exported  from  the  United  States  in  lbs. 
and  its  value  in  dollars  is  given  in  the  following  table  :— 
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Fiscal  Tear. 

Lbs. 

Dollars. 

 ■ 

1896 

52,759,212 

2,323,674 

1897 

75,108,834 

2,782,695 

1898 

81,744,809 

3,141,653 

1899 

107,361,009 

4,367,356 

1900 

89,030,943 

4,398,204 

1901 

77,166,889 

3,848,561 

1902 

34,065,758 

1,924,577 

1903 

27,368,924 

1,623,852 

1904 

76,924,174 

3,801,302 

1905 

63,536,992 

3,022,173 

1906 

97,567,156 

4,791,025 

1907 

127,857,739 

7,182,688 

1908 

91,397,507 

5,399,-il9 

1909 

iS7iW 

53,332,767 
29,379,992 

3,000,366 
1,779,615 

1911 

29',  813, 154 

1,933.681 

1912 

39,451,419 

2,388,046 

The  amount  of  tallow  imported  into  the  United  States  is  given  in 
the  following  table  ; — 


Imports 


Fiscal  Year. 

Lbs. 

Value  in  Dollars. 

1904 

104,767 

11.662 

1905 

278,188 

16,887 

1906 

908,259 

63,805 

1907 

424,876 

29,925 

1908 

304,765 

23,074 

1909 

364,964 

25,299 

1910 

911,472 

68,483 

1911 

984,383 

81,640 

1912 

347,837 

25,595 

The  imported  tallows  are  chiefly  of  the  first-named  quality,  viz. 
rendered  tallow  containing  all  the  fat  from  the  carcass.  These  tallows 
are  sold  according  to  their  titer  {titre)  and  colour.  A  description  of  the 
titer  test  has  been  given  Vol.  I.  Chap.  VIII.,  where  also  its  commercia 
importance  has  been  discussed,  and  titer  test  values  of  the  commercial 
tallows  have  been  tabulated.  ,•  .  j 

As  regards  colour,  the  commercial  brands  are  differentiated  as 
«  good  colour,"  "  off  colour,"  "  no  colour,"  etc.,  and  are  merely  judged 
by  the  standards  agreed  upon  between  sellers  and  buyers  on  the  London 
market.  There  is  a  further  distinction  made  between    beef,  mutton, 

and  "  mixed "  tallows.  ,  ,        j  f  „j;ku 

Durmg  recent  years,  in  consequence  of  the  great  demand  foi  edible 
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fats,  the  production  of  "  premier  jus  "  for  export  to  Europe  has  been 
established  on  a  large  scale  in  oversea  countries.  Such  tallow  is  not 
only  carefully  prepared  fi-om  selected  rough  fat  (see  above),  but  it  is  also 
filtered  over  fuller's  earth,  so  that  it  arrives  in  a  perfectly  sound  state 
in  Europe,  and  when  carefully  packed  will  keep  for  months  in  a  sound 
condition.  Thus  the  production  of  oleomargarine  and  oleostearine  for 
export  to  Europe  has  assumed  considerable  dimensions  during  the  last 
few  years.  It  may  be  noted  here  that  tallow  gives  on  an  average  60 
per  cent  of  oleomargarine  and  40  per  cent  of  pressed  tallow. 

The  exports  of  oleomargarine  (oleo  oil),  including  neutral  lard,  from 
the  United  States  in  lbs.  and  their  value  in  dollars  are  given  in  the 
following  table  : — 


Fiscal  Year. 

Lbs. 

Dollars. 

1896 

103,276,756 

8,087,905 

1897 

113,506,152 

6,742,061 

1898 

132,579,277 

7,904,413 

1899 

142,390,492 

9,183,659 

1900 

146,739,681 

10,503,856 

1901 

161,651,413 

11,846,373 

1902 

138,546,088 

12,254,969 

1903 

126,010,339 

11,981,888 

1904 

165,183,839 

12,873,558 

1905 

145,228,245 

11,485,145 

1906 

209,658,075 

17,445,976 

1907 

16,819,933 

1908 

215,479,332 

19,578,222 

1909 

182,874,304 

19,420,376 

1910 

129,510,307 

14,655,052 

1911 

180,358,657 

18,201,515 

1912 

192,412,458 

20,461,594 

dimensions  which  the  trade  in  oleomargarine  lias  as 
J  gathered  from  the  following  tables  : — 

Imports  of  Oleomargarine  into  the  United  Kingdom 


Value. 

£ 

1808 

2r)7,.59.5 

1905 

J  8!)y 

2G3,4.'J5 

190G 

1900 

300,253 

1908 

l!)Ol 

208,810 

1909 

1902 

202,088 

1910 

l!)03 

370,000 

[  1911 

1004 

324,115 

1912 

Value. 


£ 

49.5,212 
591,058 
l,22{i,722 
1,284,554 
I,ll(i,:J83 
739,974 
834,282 
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Exports  of  Oleomargarine  from  the  United,  Kingdom 


Value. 

Exports  of  Home 

Be-exports  of 

Production. 

Imports. 

£ 

£ 

1898 

21,954 

56,410 

1899 

26,874 

53,076 

1900 

16,803 

87,834 

1901 

16,857 

83,438 

1902 

31,283 

60,566 

1903 

10,048 

81,082 

1904 

3,309 

80,347 

10,730 

188,731 

1906 

21,733 

205,363 

1908 

30,187 

261,335 

1909 

80,226 

358,881 

1910 

206,360 

467,008 

1911 

351,496 

306,743 

1912 

437,873 

455,821 

On  pressing  tallow  for  the  production  of  "  stearine  "  tallow  oil  is 
obtained  as  a  by-product. 

Tallow  oil  (French,  liuile  de  suif;  German,  Talgol)  is  liquid  or 
semi-solid  according  to  the  temperature  at  which  it  has  been  expressed. 
Tallow  oil  is  chiefly  used  in  admixture  with  mineral  oils  as  a  lubricat- 
ing oil.  Its  solidifying  and  melting  points,  as  also  its  iodine  values, 
naturally  vary  according  to  the  conditions  under  which  the  tallow  has 
been  expressed.  Hence  the  following  characteristics  have  only  limited 
application    : — 


Specific 
Gravity, 
at  100°  0. 

Titer  Test. 
°C. 

Iodine  Value. 

Iodine  Value 
Mixed  l^atty 
Acids. 

Maumen6 
Test. 
"  C. 

0-794 

34-5-37-5 

55-8-56-7 

54-6-57 

350 

Beep  Tallow 

French — Suif  de  bceuf.  German — Rindertalg. 
Italian — Sego  di  hove. 

For  table  of  cbaracteristics  see  p.  768. 

Beef  tallow  when  freshly  rendered  is  nearly  white,  free  from  diS' 
agreeable  odour,  and  almost  tasteless.    Such  quality  is  representee 

'  Gill  anil  Rovvc,  Journ.  Amer.  Chem,  Soc,  1902,  xxiv.  466. 
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by  "  Home-melt  beef  tallow."  Imported  tallow  passes  through  all 
gradations,  from  "bleached"  white  to  slightly  yellowish  tallow 
(Australian),  through  darker  yellow  (North  American,  South  American) 
to  finally  the  off-coloured  lowest  grades  (North  American,  Australian 
"  no  colour  "). 

Tallow  was  until  recently  considered  to  consist  exclusively  of  the 
glycerides  of  palmitic,  stearic,  and  oleic  acids.  The  amount  of  olein 
used  to  be  calculated  from  the  iodine  value.  Thus  a  tallow  absorb- 
ing 43  per  cent  of  iodine  was  looked  upon  as  containing  50  per  cent  of 
olein.  It  is  not  unlikely  that  owing  to  the  influence  of  vegetable  fats 
given  with  the  food  (oilcakes,  etc.)  less  saturated  acids  than  oleic  acid 
may  be  found.  Farnsteiner  claims  to  have  obtained  small  quantities 
of  linolenic  hexabromide,  pointing  to  the  presence  of  small  quantities 
of  linolenic  acid  in  beef  tallow.^  Recent  researches  have  further  shown 
that  it  is  no  longer  permissible  to  adopt  the  view  that  palmitin,  stearin, 
and  olein  are  contained  as  simple  triglycerides  in  tallow,  as  the  follow- 
ing mixed  glycerides  (although  still  in  an  impure  state)  have  been 
isolated  by  crystallising  tallow  from  solvents  : — oleodipalmitin,  stearo- 
dipalniitin,  oleopalmitostearin,  palmitodistearin  (see  Vol.  I.  Chaps  I 
and  XII.). 

Recently  Bomer^  has  shown  that  by  frequently  repeated  crystal- 
lisation of  tallow  from  ether  approximately  1|  per  cent  of  pure  tristearin 
can  be  isolated. 

The  examination  of  tallow  by  the  fractional  distillation  of  the 
methylesters  of  its  mixed  fatty  acids  for  the  presence  of  small  quantities 
of  myristic  acid  is  desirable  (cp.  "  Lard,"  p.  698). 

On  treating  beef  fat  and  oleomargarine  with  95  per  cent  alcohol 
in  the  same  manner  as  described  under  "Lard"  (p.  699),  glycerides 
richer  in  olein  pass  into  the  alcoholic  solution.  The  characteristics 
(1)  of  the  origuaal  fat,  (2)  of  the  alcohol  soluble,  (3)  of  the  alcohol 
insoluble  portion  are  collated  in  the  following  table  {Arnold  ^)  :— 


^  Z&its.  f.  Untera.  d.  Nahnjs-  u.  Oenussm.,  1899,  25. 

2  Ibid.,  1907  (xiv.),  196. 

3  Ibid.,  1907,  179. 
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The  proportions  of  palmitin,  stearm,  and  olein  in  the  fats  rendered 
from  different  parts  of  the  same  beast  vary. 

The  following  table  compiled  fi-om  the  figures  published  by  Moulfm 
and  Trowbridge  i  shows  the  characteristics  of  fats  from  difierent  parts  oi 
1  Journ.  hid.  and  Eng.  Olicm.,  1909,  761. 
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the  beast.  The  samples  were  taken  from  nine  steers.  These  observers 
couchide  that  the  iodine  value  of  the  fat  increases  with  the  age  of  the 
animal  and  also  with  the  fatness.  The  internal  fats  have  lower  iodine 
values  than  those  near  the  skin. 


Iodine  Value. 

Melting  Point. 

Saponification 
Value. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Min. 

Kidney  fat  . 

40-84 

29-50 

48-10 

45-05 

199-9 

192-3 

Ofialfat  . 

38-39 

30-60 

48-58 

45-30 

199-1 

195-8 

Circulatory  system  . 

31-78 

31-17 

48-10 

45-95 

201-7 

196-1 

Loin  fat 

43-64 

32-30 

46-75 

41-95 

200-4 

189-4 

Head-tail  fat 

42-38 

35-35 

45-20 

43-50 

Inside  chuck  fat 

46-90 

34-04 

46-05 

40-50 

199-3 

195-5 

Cod  fat 

46-91 

36-57 

45-25 

39-85 

199-5 

196-9 

Chuck-neck  fat  . 

45-05 

39-93 

44-70 

41-50 

195-1 

Rib  fat 

47-14 

36-32 

46-55 

39-80 

200-4 

185-2 

Composite  fat 

45-90 

36-74 

44-70 

42-00 

197-0 

Fat  between  hind  legs 

44-83 

41-51 

42-80 

39-65 

201-1 

Flank  fat  . 

41-/1) 

194-0 

184-8 

Rump  fat  . 

47-55 

37-13  \ 

44-65 

39-60 

197-8 

194-30 

Round  fat  . 

49-25 

37-13 1 

Plate  fat 

49-44 

47-11 

42-70 

40-70 

196-0 

Shin-shank  fat  . 

51-95 

47-29 

40-70 

38-50 

Outside  rump  fat 

54-48 

43-22 

42-60 

35-25 

196-6 

183-1 

Outside  rib  fat  . 

54-25 

40-95 

44-60 

33-20 

200-2 

180-6 

Same,  inner  layer 

49-35 

45-95 

38-70 

35  35 

202-3 

199-2 

Outside  chuck  fat 

46-68 

38-95 

199-1 

Brisket  fat  . 

69-75 

49-82 

35-50 

33-85 

206-1 

Marrow  fat 

58-93 

53-92 

38-10 

25-70 

On  the  assumption  that  the  fatty  acids  of  tallow  consist  of  palmitic, 
stearic,  and  oleic  acids  only,  an  assumption  which  may  be  considered 
as  correct  for  all  practical  purposes,  the  composition  of  a  sample  may 
be  arrived  at  by  determining  the  proportion  of  stearic  acid  in  a  direct 
manner  by  the  method  described  Vol.  I.  Chap.  VIII.  In  the  examina- 
tion of  several  samples  of  tallow  the  author  found  fi'om  21  to  22  per  cent  of 
stearic  acid.  The  specimen  examined  by  Kreis  and  Hafner  (see  table, 
p.  732),  of  the  iodine  value  35-8,  gave  39-5  per  cent  of  stearic  acid.^ 
Link  2  in  a  tallow  of  the  iodine  value  33  found  solid  acids  51-6  per  cent 
containing  45  per  cent  of  stearic  acid,  the  melting  point  of  which  was 
67-5°  C.  The  total  fatty  acids  contained  23-2  per  cent  of  stearic  acid. 
The  proportion  of  oleic  acid  can  be  calculated  from  the  iodine  value  ;  the 
difference  gives  then  the  amount  of  palmitic  acid.  The  variations  in 
the  percentage  of  stearic  acid  in  beef  fat  from  different  parts  of  the 
body  of  the  same  animal  are  implicitly  expressed  by  the  percentages 
of  "  stearic  acid  "  of  solidifying  point  54-8°  C.  given  in  the  table,  p,  637 
of  fourth  edition.  (It  should,  of  course,  be  noted  that  the  "  stearic 
acid  "  includes  palmitic  acid.) 

'  It  should,  however,  be  noted  that  Krien  and  Hafner  did  not  deterniiuo  tlie  melting 
point  of  their  "stearic  acid,"  iieiice  the  figure  39*5  per  cent  must  bo  accepted  with 
reserve. 

'  Determined  in  the  author's  laljoratory. 
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It  has  been  pointed  out  already  that  tallow  frequently  undergoes 
a  "  demargarinating  process,"  by  being  subjected  to  pressure  in 
liydraulic  presses,  when  "  beef  stearine  "  and  "  tallow  oil  "  are  obtained 
(see  p.  764). 

Beef  stearine  differs  in  its  chemical  composition,  not  only  owing 
to  the  variation  of  different  specimens  of  tallow,  but  also  with  the 
pressure  applied  in  the  hydraulic  press  and  with  the  length  of  time 
during  which  the  pressure  has  been  allowed  to  act  on  the  tallow.  Com- 
mercial samples  of  beef  stearine  have  melting  points  varying,  as  a  rule 
from  49°  to  53°  C.    The  iodine  value  varies  from  8  to  15  and  even  to 
20  and  the  percentage  of  stearic  acid  rises  in  inverse  ratio  to  the 
decrease  of  the  iodine  value  ;  thus  Hehner  and  Mitchell  found  in  a  beef 
stearine  absorbing  2-0  per  cent  of  iodine  50-2-51-1  per  cent  of  stearic 
acid.    Recently  Bomer  ^  has  shown  that  by  frequently  repeated  crystal- 
lisation of  beef  stearine  from  ether  approximately  4-5  per  cent  of  pure 
tristearin  can  be  isolated.    It  should  be  noted  that  beef  stearine  is 
more  soluble  in  petroleum  ether  (of  specific  gravity  0-648)  and  methyl- 
ated ether  (of  specific  gravity  0-7175)  than  is  lard  stearine  (Dunlop). 
This  is  of  importance  in  the  detection  of  beef  stearine  in  lard  (cp 
"  Lard,"  tables,  p.  732). 

Beef  stearme  obtained  from  "  premier  jus "  is  used  for  edible 
purposes  in  the  manufacture  of  margarme,  as  also  in  the  manufacture 
of  compound  lards  and  in  the  preparation  of  "  suet  substitutes  "  (see 
Vol.  m.  Chap.  XV.). 

The  amount  of  free  fatty  acids  in  tallow  varies  considerably  with 
the  state  of  purity.  In  freshly  rendered  tallows  the  proportion  of 
free  fatty  acids  is  negligible  and  rarely  exceeds  0-5  per  cent ;  in  com- 
mercial samples  the  percentage  of  free  fatty  acids  may  rise  to  25  per 
cent  and  even  more.  Hence  the  acetyl  values  shown  by  tallows  of 
different  states  of  purity  will  also  vary.  Thus  Lewkowitsch  found  acetyl 
values  varying  from  2-7  to  8-6  in  different  brands  of  tallow.  It  need 
hardly  be  repeated  (cp.  Vol.  I.  Chap.  VI.)  that  these  acetyl  values  do 
not  mdicate  the  presence  of  hydroxylated  acids.  In  this  connection  it 
may  be  pointed  out  that  Fahrion  ^  found  in  a  specimen  of  tallow  0-13 
per  cent  of  "  oxidised  "  acids. 

The  valuation  of  "  premier  jus  "  and  oleomargarine  is  based  in  the 
first  instance  on  the  taste  and  on  the  absence  of  free  fatty  acids  and 
freedom  from  rancidity.  Samples  of  oleomargarine  examined  by  the 
author  contained  from  0-29  to  0-6  per  cent  of  free  fatty  acids.  Not- 
withstanding this  amount  of  free  fatty  acids,  these  oleomargarines 
were  perfectly  suitable  for  the  manufacture  of  margarme  and  other 
preparations  intended  for  edible  purposes.  On  reducing  oleomargarine 
by  Paal  and  Roth's  method.  Vol.  I.  p.  45,  a  hard  crystalline  almost 
tasteless  mass  was  obtained  which  softened  at  47°  C,  and  melted  com- 
pletely at  55°  C.  Its  iodine  value  was  1-2.  The  determination  of  the 
lodme  value  and  of  the  melting  point  is  of  secondary  importance  and 
need  only  be  resorted  to  if  special  circumstances  demand  examination 


'  ZeiU  f.  Unlers.  d.  Nali/rgs-  ii.  Oermssm.,  1907,  xiv.  111. 
'■^  Zeilschr.f.  angew.  Chem.,  1898,  784. 
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in  this  direction.  With  regard  to  the  detection  of  colouring  matters 
in  edible  tallow  cp.  p.  795  and  Vol.  III. 

TaUow  may  be  bleached  by  means  of  fuller's  earth,  or  m  some  cases 
potassium  dichromate  and  hydrochloric  acid.  Simple  steammg  with 
or  without  a  small  amount  of  caustic  soda  wUl  sometimes  cause  the 
dark  coloured  colloidal  impui-ities  to  coagulate  and  so  settle  out. 

The  valuation  of  commercial  tallow  for  the  purposes  of  soap-  and 
candlemaking  is  based,  in  the  first  instance,  apai;t  from  the  colour, 
on  the  proportion  of  water  and  non-fatty  matter  and  on  the  sohditymg 
point  ("  titer ")  of  its  fatty  acids.  ,  rn. 

The  proportion  of  water  is  determined  in  the  usual  manner,  ihe 
foUowing  commercial  method  was  introduced  by  A.  Norman  Tate  >- 
Heat  50  grms.  of  the  sample  in  a  porcelain  crucible  or  a  silver  crucible 
to  130°  C  and  keep  it  thereat  until  bubbles  cease  to  be  given  off  and 
the  melted  fat  is  in  a  condition  of  calm  fusion  without  givmg  off  vapours. 
The  fat  is  then  allowed  to  cool,  and  is  weighed.  The  loss  is  calculated 
as  moisture  (cp.  Vol.  I.  Chap.  IV.,  also  p.  751).  In  the  case  of.pure 
fats  Tate's  method  yields  correct  results.  In  the  case  of  t^U^^^ 
which  lime  soaps  have  been  fraudulently  admixed,  the  determination 
of  the  moisture  by  this  method  leads  to  too  low  results,  as  lime_  soaps 
retain  moisture  with  great  tenacity.  This  happens  ^^P^^f  JJ 
case  of  bone  fats  (cp.  p.  751),  as  is  shown  by  the  following  analyses, 
due  to  Shukoff  and  Scheslakoff  :— 


Moisture  in  Bone  Fats 

X,     ,  1,1  Norman  Tate's  Method. 

Usual  Method. 
Per  cent. 

2-80  Ill 

6-11  4-30 

A  Norman  Tate  &  Co.,  in  a  private  communication  to  the  editor 
however,  maintain  the  accuracy  of  their  method  and  adduce  m  support 
of  their  contention  comparative  tests  with  fats  contammg  known 
amounts  of  lime  soap  and  water. 

Impurities-^otfat-^re  determined  as  described.  Vol.  I.  Cbap  J_  V  • 
(cp.  alfo  bone  fat,  p.  751).  The  titer  test  must  be  determmed  with 
dife  observance  of  the  details  given  m  Vol.  I.  Chap  Viii. 

The  hi-^her  the  titer  the  more  valuable  is  the  tallow  for  the  pm-- 
poses  of  the  candlemaker  and  soapmaker.  The  followmg  emi^i^a^ 
tZe  compiled  by  Dalican  is  still  used  in  a  number  of  candle-woiks 
or  an'pproxima'ie  estimation  of  the  yield  of  commercia  ^earic  a^d 
from  talbws  having  the  solidifying  pomts  recorded  m  the  fiist  column 
of  the  table  : — 


[Table 


XIV 


BEEF  TALLOW 


771 


SoliclifyiiiK  Point. 
Titer  Tost. 

C0mmerci.1l 
Stearic  Acid. 

1 

Oleic  Acid. 

Per  cent. 

Per  cent. 

35 

by  oO 

35 '5 

9fi  'dfl 
^0 

DO  OO 

36 

^  1  ou 

0/  70 

36-5 

DO 

37 

29*80 

00  ZU 

37  "5 

04  4U 

38 

31 '25 

Do  /i) 

38-5 

DZ  00 

39 

Oi  00 

39 '5 

40 

00  X  0 

oy  bo 

40 '5 

0c5  yu 

41 

QQ-flO 

00  UV/ 

0/  uu 

41 '5 

00  y J 

OD  UO 

42 

oy  yu 

Do  lU 

42  "5 

49  •7'; 

CO  .0*7 
OZ  Z/ 

43 

-qa 
01  6\j 

43  "5 

OU  oO 

44 

47''i0 

7  -KA 

44  "5 

3D  OU 

45 

4o  /U 

45-51 

4Z  iO 

46 

'i9'9n 

/I  T  A 

41  oU 

46 '5 

00  1l\J 

OA  .OA 

oy  yu 

47 

0/  uo 

tJO  lU 

48 

fil  •7fi 

60  ZD 

48 '5 

053  'Pin 
ZCS  DU 

71  •9f; 

Zo  /O 

49 '5 

79-9(1 

00  .OA 

ZZ  oU 

50 

xy  yo 

77-1  n 

1/  yu 

51 

I  y  ow 

10  DU 

51-5 

81-90 

13-10 

52 

84-00 

11-00 

52-5 

88-30 

6-70 

53 

92-10 

2-90 

Tallows  of  a  lower  titer  than  44°  C.  are  unprofitable  to  the  candle- 
maker,  and  are  therefore  chiefly  employed^for  soap-making. 

A  large  amount  of  free  fatty  acids  depreciates  the  value  of  a 
tallow  considerably,  as  the  candle  material  obtamed  from  such  tallow 
m  the  hme  saponification  process  turns  out  dark  ;  also  soap  made  from 
such  tallow  has  an  mferior  ("  foxy  ")  colour. 

In  the  valuation  of  tallow  for  lubricating  purposes  the  titer  test  is 
of  secondary  importance,  whereas  the  determination  of  the  amount  of 
free  fatty  acids  afEords  the  necessary  guidance. 

Adulterants  in  tallow  are  easily  detected  by  means  of  the  quanti- 
tative reactions.2    If  required  the  phytosteryl  acetate  test  may  be 

^  Link  in  a  tallow  having  a  titer  tost  45-3  and  containing  23-2  per  cunt  ol"  stearic 
acid  toinul  .'51  -(J  per  cent  of  solid  acids  of  tlio  iodine  value  9-5  and  45-6  per  cent  of  linui.l 
acids  of  the  iodine  value  63-5. 

The  dill'ereiit  behiivioiir  of  cocoa  nut,  oil  and  |)alm  kornel  oil  soaps  IVoiii  that  of 
tallow  soap  to  solutions  of  common  salt  and  caustic  alkalis  has  been  freciuently 
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applied  for  the  detection  of  vegetable  oils  and  fats.    It  must,  however, 
be  added  that  at  present  tallow  is  but  rarely  adulterated  with  vegetable 
oils  or  fats.    A  not  infrequently  used  adulterant  is  "  whale  stearine," 
which  will  be  shown  by  the  high  iodine  value  of  the  liquid  fatty  acids 
and  also  by  the  isolation  of  octobromides.    Even  paraffin  wax  has  been 
used  as  an  adulterant,  particularly  in  tallow  used  for  launching  ships 
where  hardness  of  texture  is  a  desideratum.    Home  tallow  is  sometimes 
adulterated  with  distilled  grease  stearine  (Chap.  XVI.).  Adulteration 
with  waste  fats  is  on  the  increase  ;  high  percentage  of  free  fatty  acids 
and  high  proportions  of  unsaponifiable  matter  indicate  the  adulteration. 
A  tallow  thus  adulterated  has  a  peculiar  smell,  a  high  acid  value, 
and  a  somewhat  high  amount  of  unsaponifiable  matter.    If  the 
latter  after  boiling  with  acetic  anhydride  and  adding  concentrated 
sulphuric  acid  exhibits  a  green  fluorescence,^  the  presence  of  isocholesterol 
and,  inferentially,  of  distilled  grease  stearine  would  be  indicated.  The 
fatty  acids  obtained  from  tallow  thus  adulterated  turn  yellow  after  a 
few  days,  and  exhibit  the  peculiar  smell  characteristic  of  wool  fat  and 
its  derivatives. 

A  high  acid  value  may  also  point  to  admixed  stearic  acid  ("  cotton 
stearine  ")  from  cotton  seed  mucilage  (Chap.  XVI.)  ;  in  that  case,  of 
course,  the  isocholesterol  reaction  will  not  be  obtained,  but  the  acid 
value  and  the  amount  of  unsaponifiable  matter  will  be  found  to  be  high. 

Goat's  tallow,  sold  in  commerce  as  mutton  tallow,  is  considered 
by  candlemakers  as  an  adulterant.  Although  such  tallow  has  a  high 
melting  point,  it  is  not  suitable  for  candles,  owing  to  its  fatty  acids  not 
crystallising  readily,  but  sohdifying  to  an  amorphous  mass,  from  which 
it  is  difficult  to  remove  the  imprisoned  oleic  acid.  The  candles  pre- 
pared in  the  ordinary  way  from  goat's  tallow  are  of  low  quality,  do 
not  possess  the  metallic  ring  of  first-class  candles,  and  easily  become 
discoloured  through  their  persistently  retaining  oleic  acid.  Goat's  tallow 
is  best  detected  by  the  smell  given  off  on  warming  the  sample  {Chevreul's 
"  acide  hircique  "). 

This  class  of  tallow  plays  an  unimportant  part  in  the  world's  market. 

Analyses  of  fats  from  different  parts  of  the  American  bufialo  (bison) 
are  given  by  Schmidt  ^  in  the  following  table  : — 


emDloved  as  a  means  of  detecting  cocoa  nut  and  palm  nut  oils  iu  tallow.  Such  methods 
have  been  detailed  in  the  second  edition  of  this  work,  pp.  596,  597,  but  were  omitted 
in  the  third  edition,  since  they  have  been  superseded  by  more  expeditious  methoc  s. 
They  are  referred  to  here  because  the  same  principle  has  again  been  proposed  recently 

(Cohn,  Chem.  Zeit.,  1907,  854). 

1  Lewkowitsch, /wtrre.  5oc.  CAem.  /Jic;.,  1892,  142.  ,  . 

2  In  Germany  paraffin  oil  is  used  by  the  custom-house  officers  for     denatui  ing 
tallow  if  caustic  soda  be  objected  to.    According  to  the  regulations  of  the  United  S  al,^ 
Department  of  Agriculture  tallow  which  is  unfit  for  edible  purposes  must  be  dei  atme< 
sr.- with  sulBcient  kerosine  (burning  oil),  or  with  coal-tar  creosote,  to  give  it  a  distinct 
taste  of  these  substances,  or  with  the  colouring  matter  "  Sudan  III. 

»  Journ.  hid.  Eng.  Chem.,  1912,  No.  8. 
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Naiiiu  of  Fat. 

Specific 
Gravity  at 
15". 

Saponifica- 
tion Value. 

Iodine  Value 
(\Vi,ja). 

Free  Fatty 

Acids. 
Per  cent. 

Titer  Test. 
°  C. 

Cciul  fat 

U-aU 



oO-l 

Kidney  fat 

0-9346 

199-3 

29-45 

1-65 

52-2 

Ruffle  fat 

0-9364 

199-4 

32-50 

1-90 

510 

Paunch  fat 

0-9244 

204-2 

34-92 

1-50 

47-4 

Chip  fat  . 

0-9344 

199-5 

35-16 

1-25 

49-6 

For  the  fat  obtained  from  the  Indian  buffalo  cp.  "  Butter  fat," 
p.  807. 


MUTTON  TALLOW 

French — Suif  de  mouton.  German — Hammeltalg. 
Italian— /Sef/o  di  montone. 

For  tables  of  characteristics  see  pp.  774^  775. 

Mutton  tallow  closely  resembles  beef  tallow  ;  it  is  frequently  mixed 
with  the  latter  and  is  then  sold  as  "  mixed  tallow."  Mutton  tallow  is 
as  a  rule  harder  than  beef  tallow,  and  consequently  its  solidifying  and 
melting  points,  as  also  those  of  its  fatty  acids,  are  higher  ;  it  is  more 
Hable  to  turn  rancid  than  is  beef  tallow,  and  has  as  a  rule  a  "  stronger," 
more  unpleasant  flavour  than  beef  tallow.  For  this  reason  it  cannot 
be  used  in  the  manufacture  of  first-class  butter-substitutes  or  high- 
class  toilet  soaps. 

Eecently  Bomer'^  has  shown  that  by  frequently  repeated  crystal- 
lisation of  mutton  tallow  from  ether  approximately  3  per  cent  of  pure 
tristearin  and  of  4-5  per  cent  each  of  stearo-dipalmitin  (dipalmito- 
stearin)  and  of  palmito-distearin  can  be  isolated  (cp.  Chap.  XII.). 

Mutton  "  stearine  "  behaves  with  solvents  (petroleum  ether  and 
ordinary  ether)  much  like  beef  stearine  (cp.  tables  under  "  Lard  "). 

The  fat  rendered  from  different  parts  of  two  sheep  gave,  according 
to  Moser^  the  following  results  : — 


Fat  from 

Fat. 

Fatty  Acids. 

Solidifying 
Point. 

Molting 
Point. 

Saponilioation 
Value. 

Solidifying 
Point. 

Molting 
Point. 

•c. 

°G. 

°C. 

-0. 

Kidneys  . 

40-7-40-9 

51-0-55-0 

194  -8-195-2 

51-9-51-9 

56-2-56-5 

Caul  and  intestines . 

39-2-39-7 

52-0-52-9 

194-6-194-8 

50-4-50-6 

54-9-55-8 

Adipose  tissue 

34-1-34 -9 

49-5-49-6 

194-2-194-4 

43-7-46-2 

50-7-51-1 

^  Zeits.f.  Unlers.  d.  Nahrgs-  u.  Oenv^sm.,  1907,  xiv.  116  ;  1909,  xvii.  396. 
^  Berickt  der  Thaiiglceil  dcr  Landv:.  Varsuchsst.  Wicu,  1882,  1883. 
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Refractive  Index. 

Observer. 

Thorner 

At  60°  C. 

co 

.  r-l 

Iodine  Value. 

Observer. 

Thbrner 

Iodine  Value 
of  the  Liquid  Fatty  Acids. 

Wallenstein 
and  Finck' 

Per  cent. 

00 
CO 

92-7 

Neutralisation  Value. 
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A  specimen  of  mutton  tallow  of  the  iodine  value  42*5  contained 
35-5  per  cent  of  stearic  acid    {Kreis  and  Hafner). 

The  information  contained  in  the  following  table,  due  to  Hehner 
and  Mitchell,^  is  very  instructive  ;  the  different  specimens  of  fat  were 
taken  from  a  Scotch  sheep  eighteen  months  old  : — 


Fat  from 

Iodine  Value. 

Melting  Point  of 
Fatty  Acid.s. 

Stearic  Acid. 

Per  cent. 

"0. 

Per  cent. 

Kidneys  . 

48-16 

45-6 

26 -2-27 -7 

Back 

61-3 

41-4 

24-8 

Neck 

48-6 

42-2 

16-4 

Breast 

58-2 

33-8 

About  1 

Ham  . 

50-6 

40-8 

No  deposit  after 

two  days. 

A  special  kind  of  mutton  tallow  is  "  graisse  de  couyrouck  "  obtained 
fi'om  the  extraordinarily  developed  caudal  appendix  of  a  Turkish 
sheep. 


BUTTER  FAT 

French — Beurre  de  vache.  German — Butterfetl. 
Italian — Burro  di  vacca. 

Butter  fat  or  mUk  fat  is  contained  in  cow's  milk. 

Egyptian  butter  prepared  by  the  natives  is  also  largely  admixed 
with  the  milk  fat  from  the  bufEalo,  sheep,  and  goat.^ 

The  production  of  butter  on  the  farm  is  one  of  the  oldest  house 
industries,  and  is  so  well  known  that  it  requires  no  description  here. 
Moreover,  as  a  house  industry  it  is  rapidly  dying  out  in  the  densely 
populated  countries,  not  only  on  account  of  the  naturally  Hmited 
amount  of  milk  that  can  be  provided  for  this  purpose  in  any  one  locality, 
but  also  because  the  essential  conditions  for  butter  production,  viz. 
cleanliness  and  cooling  arrangements,  cannot  be  attained  readily.  The 
house  industry  is  rapidly  giving  way  in  all  butter-producing  countries 
to  a  large  scale  manufacture  in  creameries,  i.e.  establishments  which 
collect  the  fresh  milk  from  a  number  of  farms  and  work  it  up  into  butter. 
These  creameries  may  well  be  likened  to  a  factory  dealing  with  the  pro- 
duction of  edible  oils  and  fats.  In  these  factories  the  chief  essentials 
on  which  successful  manufacture  rests  can  be  scrupulously  observed. 
The  milk  is  received  in  the  freshest  state  possible,  pasteurised  if  necessary, 
and  the  cream  separated  by  milh  separators,'^  which  are  either  worked 

1  It  should,  however,  be  uoted  that  Ereis  and  Hafner  did  not  determine  the  melting 
point  of  their  "stearic  acid,"  hence  the  iigure  35-5  per  cent  must  be  accepted  with 
reserve. 

2  Analyst,  1896,  327. 

'  Cairo  ficientijic  Joiirn.,  1911,  297. 
For  a  Canadian  "butter  separator,"  cp.  Canada,  Department  of  Agriculture, 
Central  Experimental  Farm,  Olta.wa,  Ont.,  1006,  Ottawa,  1907. 
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by  haud  or  are  belt-driven.  The  best-known  belt-driven  machines 
are  the  Alpha-Laval  cream  separators,  which  furnish  in  the  form  of 
cream  the  largest  amount  of  the  fat  contained  in  the  milk.^  It  is  recom- 
mended to  sterilise  the  milk  intended  for  butter  and  cheese-making  by 
heating  to  60°  C.  for  20  minutes  which  is  said  to  be  sufficient  to  destroy 
the  tubercle  bacilli.^  The  ripening  of  the  cream  ^  (either  by  naturally 
prepared  "  starters  "  or  by  "  pure  culture  starters  ")  is  also  carried  out 
in  these  establishments  with  scrupulous  cleanliness  which  is  hardly 
practicable  in  a  farm-house.  The  churning  *  of  the  ripened  cream  is 
practically  a  mechanical  process  and  consists  in  causing  the  butter  fat 
globules  to  coalesce  and  so  to  form  the  commercial  butter  ;  it  is  carried 
out  in  these  establishments  on  a  manufacturing  scale,  as  is  also  the 
washings  and  the  "working"  of  the  butter  on  the  "butter  table." 
The  object  of  these  latter  operations  is  to  remove  as  far  as  possible 
the  milk  which  is  detrimental  to  the  keeping  of  the  butter.  Frye^ 
patents  a  process  whereby  the  cream  is  subjected  to  an  electric  current 
which  is  stated  to  cause  the  fat  globules  to  coalesce.  On  the  butter 
table,  if  required,  salt  also  is  added.  The  machinery  employed  through- 
out is  similar  to  that  described  under  "  Margarine  Manufacture,"  Chap. 
XV.  In  fact,  it  may  be  said  that  the  greatest  impetus  has  been  given 
to  the  production  of  butter  on  a  manufacturing  scale  through  the 
margarine  manufacture. 

Butter  produced  in  these  establishments  is  known  as  "creamery 
butter." 

In  consequence  of  the  insulficiency  of  the  European  home  pro- 
duction, enormous  amounts  of  butter  are  imported  into  Europe.  A 
large  quantity  of  such  butter  is  sold  in  its  original  form.  By  no  means 
insignificant  amounts  are,  however,  "  blended  "  in  "  butter  factories  " 
with  home-produced  butter  on  butter  tables  (see  Fig.  1,  Vol.  III.),  or 
in  mixing  machines.  The  mixture  is  still,  of  course,  butter,  but  it  can 
be  differentiated  from  "  creamery  "  butter  by  its  different  "  grain  "  or 
"  texture,"  the  natural,  smooth  grain  of  the  once  finished  butter 
having  been  "  broken  "  by  the  mixing  together,  on  the  butter  table,  of 
the  foreign  butter  with  butter  produced  in  creameries. 

Such  butter  is  known  as  "  factory  butter."  '  The  keeping  qualities 
of  factory  butter  are  inferior  to  creamery  butter. 

With  the  increased  production  of  butter  the  difference  between 

'  For  the  recovery  of  fat  from  the  butter  milk  op.  Liining,  Swedish  patent  36,535. 
United  Slates  Dept.  Agric.  Bureau  of  Animal  Industry,  1909,  179. 

^  Special  ripening  machines  of  tinned  cojjper  are  made  by  E.  Ahlborn,  Hildosheini. 
Contact  with  iron  is  said  to  give  the  butter  an  unpleasant  metallic  flavour. 

■*  E.  and  H.  H.  Schou  (English  patent  5810,  1908)  dispense  with  churning  by 
passmg  ripened  cream  over  chilled  rollers.  Cp.  also  A.  H.  Borgstrom  :  English  iiatont 
6394,  1907,  French  patent  387,653  (1908). 

Washing  with  water  of  an  impure  character  may  cause  rancidity  ;  hence  it  is 
recommended  to  sterilise  the  water  by  means  of  the  uviol  light  (Dornie  and  Dairie). 
Chem.  Zentrnlbl.,  1909  (ii.),  1001.  The  ultra-violet  rays  have  also  been  used  for  sterilising 
the  butter  itself ;  cp.  French  patent  400,921  {Societe  le  Ferment). 

^  French  patent  389,836. 

'  According  to  another  definition,  "factory  butter"  is  made  by  the  old  process  of 
putting  milk  in  dishes  ami  allowing  the  cream  to  rise  Ijefore  separating,  wiiereas 
"creamery  butler"  is  obtained  from  milk  l)y  the  aid  of  centrifugal  apparatus. 
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"  creamery  butter  "  and  "  factory  butter  "  tends  to  disappear  more 
and  more.  Some  of  tlie  largest  creameries  can  now  hardly  be  differ- 
entiated from  factories,  tbe  creamery  butter  produced  by  them  being 
only  a  small  fraction  of  their  total  output  of  butter.  Even  creameries 
have,  therefore,  commenced  to  add  to  their  butter  boric  acid  as  a  pre- 
servative, so  that  one  characteristic  difference  that  once  distinguished 
creamery  butter  from  factory  butter  has  practically  ceased  to  exist. 
Indeed,  creameries  no  longer  guarantee  the  whole  of  their  output  as 
free  from  boric  acid,  a  warranty  in  that  respect  being  only  given  for 
limited  amounts  sold  at  a  higher  price. 

Even  in  oversea  countries  the  necessity  has  arisen  for  collecting 
the  produce  of  a  number  of  farms  and  blending  it  in  central  establish- 
ments. In  New  Zealand  these  establishments  are  termed  "  packing- 
houses," and  the  butter  prepared  there  is  shipped  as  "  milled  butter," 
this  word  having  been  chosen  to  distinguish  this  butter  from  creamery 
and  factory  butters. 

The  chief  butter  exporting  countries  of  Europe  are  Denmark,  Russia, 
Holland,  France,  and  Sweden. 


Home  Production,  Exports  and  Imports,  of  Butter  of  several  European 

Countries 


Country. 

Home  Pro- 

lUiction 
(Estiraateri). 

Exports. 

Imports. 

1902. 

1004. 

1010. 

1011. 

1002. 

1004. 

1910. 

1911. 

Denmark 
Russia  . 
HoUand . 
France ' . 
Sweden  . 

Tons. 
60,0001 

130,000 

Tons. 

69,770 

37,821 

22,861= 

24,041 

20,054 

Tons. 
81,530 
39,492 
23,607 
22,628 
19,570 

Tons. 

1,503 
33,283 
24,936 

Tons. 

2,079 
31,013 
13,204 

Tons. 

7000 
246 
680 

5462 
521 

Tons. 

5900 
360 
2654 
4567 
592 

Tons. 

2493 
5107 

Tons. 
143 

2739 
9541 

Smaller  quantities  of  butter  are  exported  from  Norway,  Italy,  and 
Belgium.  The  exports  from  Siberia  were  m  1912  75,000  and  in  1913 
86,000  tons.  Germany  has  practically  ceased  to  be  a  butter-exportmg 
country,  and  she  now  imports  considerable  quantities  fi'om  Denmark, 
Holland,  Sweden,  Finland,  Siberia,  and  oversea  countries. 

The  imports  into  and  exports  from  Germany  are  as  follows  :— 


'  In  1908  64,000,  of  whicli  41,000  is  "  Dutcli  control." 

2  In  1908  to  Germany  14,900  tons.  . 
■■>  Fuller  details  will  be  found  in  Lowkowitscli,  Technologic  et  analyse  chimiqucs 
huilea,  cjraisses  el  circs,  traduit  par  E.  Bontoux,  p.  1262. 
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Imports. 

Exports. 

Tons 

I  oils. 

1  009 

1  R  RBQ 

io,uoy 

o'±,oat3 

oUi 

1908 

33,849 

218 

1909 

44,058 

204 

1910 

41,427 

181 

1911 

55,398 

252 

The  importance  which  Finland  has  gained  as  a  butter-exporting 
country  may  be  gathered  from  the  following  table  : — 


Exports  of  Butter  from  Hango,  Finland 


1904. 

1905. 

1906. 

1911. 

1012. 

To  Great  Britain 
„  Denmark  . 
,,  Other  countries  . 

Cwts. 
183,392 
42,795 
5,992 

Cwts. 
224,540 
56,705 
22,800 

Cwts. 

232,516 
38,845 
16,547 

ICilogi'ammes. 
8,534,497 
660,257 
3,156,565 

Kilogrammes. 
7,513,839 
224,661 
4,269,869 

232,179 

304,045 

286,908 

12,351,319 

12,008,369 

The  amount  of  butter  produced  in  the  United  Kingdom  in  the 
three  years  1903  to  1905  averaged  163,140  tons,  while  the  average 
annual  imports  less  exports  were  203,301  tons.  The  average  quantity 
consumed  per  head  of  population,  calculated  from  these  figures,  was  as 
foUows  : — 

Home-produced  butter  .         .         .8-5  lbs. 

Imported  butter  ....     10-7  lbs. 

Total  19-2  lbs. 


Large  quantities  of  butter  are  now  imported  into  Europe  from 
Australia,  Canada,  the  Argentine,  New  Zealand,  and  Siberia. 

The  importance  which  the  butter  trade  has  acquired  in  the  world's 
market  may  be  best  illustrated  by  the  following  table  which  deals  with 
the  United  Kingdom,  the  chief  butter-importing  country  of  Europe  : — 


[Tahle 
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HO 


o 

Sin 


1912. 

4,005,159 
24,354,193 

r-* 

4,302,692 
24,600,619 

•0161 

4,325,539 
24,493,450 

c 
o 
cr. 

4,062,812 
22,424,962 

CO 

o 
c. 

4,210,821 
24,080,912 

1007. 

4,210,156 
22,417,926 

CO 

o 
cr. 

4,344,346 
23,460,196 

»c 
o 

4,157,778 
21,586,662 

1904. 

4,254,183 
21,117,162 

1903. 

4,027,766 
20,798,707 

Quantities  in  cwts. 
Value  in  £  . 

s 


CO 

o 


oi 
cr. 

11,342 
72,029 

1911. 

11,928 
70,631 

1910. 

9,244 
56,256 

a 
o 

cr. 

9,216 
54,807 

cd 
o 

a-. 

10,045 
69,324 

1907. 

12,306 
68,591 

o 
c. 

12,966 
78,457 

1905. 

9,062 
49,155 

o 

Cl 

9,566 
51,354 

CO 

o 

12,191 
63,341 

Quantities  in  cwts. 
Value  in  £ 

o 

1^ 


CS 

119,021 
715,096 

1911. 

136,552 
759,214 

1910. 

68,344 
384,088 

o 

cr. 

72,315 
383,692 

cd 
o 

Ci 
r-l 

55,078 
305,729 

1907. 

83,591 
418,643 

to 
o 

c 

77,504 
396,995 

1905. 

70,518 
357,658 

T^ 
o 

cn 

86,666 
409,319 

CO 

o 

rH 

63,511 
312,703 

Quantities  in  cwts. 
Value  in  £  . 
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lu  order  to  show  which  countries  are  chiefly  supplying  the  United 
Kingdom  with  butter  I  append  the  following  table  : — 
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The  total  amount  of  butter  produced  in  Australia  during  the  years 
1902-11  was  as  follows  : — 


Year.  Lbs. 

1902    79,572,327 

1903    100,332,242 

1904   140,255,208 

1905    140,898,726 

1906    159,870,662 

1907    156,380,670 

1908    145,317,357 

1909    154,273,252 

1910    193,211,909 

1911    211,577,745 


The  exports  of  butter  from  Canada  are  gradually  decreasing. 
Further  statistical  data  regarding  New  Zealand  and  Siberia  will  be 
found  below. 

The  examination  of  butter  divides  itself  naturally  into  two  parts  : 
(I.)  The  examination  of  the  whole  butter;  (II.)  The  examination  of 
the  butter  fat. 

Under  the  first  heading  I  shall  consider  the  examination  of  butter 
on  the  assumption  that  the  fat  contained  in  it  is  genuine  milk  fat. 


I.  Examination  of  Butter 

Butter  must  be  looked  upon  as  an  emulsion  of  fat  and  water  con- 
taining small  quantities  of  "casein"  ("curd"),  milk  sugar,  and  in- 
organic salts.  In  those  butters  which  are  salted  in  the  last  stage  of 
the  manufacturing  operation  common  salt  will  also  be  found.  The 
following  table,  due  to  Yieth,  gives  a  number  of  analyses  of  butter  : — 


Origin  of  Butter. 

Fat. 

Curil. 

Salt. 

Water. 

English 
French 

, ,  salted 
German 
Danish 
Swedish 

Per  cent. 
86-85 
84-77 

84-  34 

85-  24 
83-41 
83-89 

Per  con  t. 

0-  59 

1-  38 
1-60 
1-17 
1-30 
1-33 

Per  cent. 

1-  02 
6-09 

2-  01 
1-35 

1-  87 

2-  03 

Per  cent. 

11-  54 
13-76 

12-  05 

12-  24 

13-  42 
13-75 

The  percentages  of  fat  given  in  the  last  table  vary  within  some- 
what narrow  limits,  as  the  percentages  of  water  do  not  differ  widely. 
Butters  containing  as  much  as  90  per  cent  of  fat  are  rarely  met  with. 
The  percentage  of  fat  in  commercial  butters  rather  tends  to  fall  to  the 
neicrhbourhood  of  80  per  cent,  inasmuch  as  the  maximum  percentage 
of  water  which  butter  may  contain  has  been  legally  fixed  m  many 
countries  at  16  per  cent.    Naturally,  the  tendency  is,  especially  m 
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butter  factories^  to  regulate  the  composition  of  the  product  so  that  it 
may  contain  as  high  a  percentage  of  water  as  the  particular  circum- 
stances— nature  of  raw  material,  time  of  the  year,  etc. — permit. 

With  regard  to  butter  having  exceptional  percentages  of  water 
see  p.  784. 

The  examination  of  butter  comprises  the  determination  of  water, 
solids-not-fat,  and  the  detection  of  colouring'  matters  and  pre- 
servatives. Gross  adulterants,  such  as  starch,  potato  pulp,  ground 
ivhite  cheese,  etc.,  will  hardly  occur  at  present,  since  the  sophistication 
of  butter  has  assumed  a  more  scientific  character,  and  is  practically 
confined  to  the  addition  of  foreign  fats.  The  adulteration  with  foreign 
fats  will  be  considered  imder  "  II.  Examination  of  Butter  fat  "  (p.  801). 

1,  Water  is  determined  by  drying  a  properly  drawn  average 
sample  (cp.  Chap.  IV.)  at  100°  C.  The  Society  of  Bavarian  Analytical 
Chemists  recommend  drjdng  the  butter  at  100°  C.  for  six  hours,  with 
occasional  stirring.  This  would  appear  far  too  long  a  time  for  so 
simple  a  determination.  Moreover,  this  modus  operandi  is  Hable  to 
lead  to  errors,  as,  on  the  one  hand,  loss  may  occm-  through  volatilisa- 
tion of  any  free  fatty  acids,  and  on  the  other  hand,  an  increase  of 
weight  may  take  place  through  their  oxidation.  The  method  of  Hen- 
zold,  described  Vol.  I.  Chap.  IV.,  has,  therefore,  come  more  into  vogue, 
especially  in  Germany,  but  even  in  this  method  the  heating  for  two 
hours  appears  to  be  somewhat  long.  No  doubt  every  analyst  will  be 
able  to  settle  so  simple  a  question  by  his  own  experience.^ 

Rivett  2  describes  a  process  of  the  determination  of  water  by  treating 
a  fat  with  calcium  carbide  and  weighing  the  liberated  acetylene  by 
difference.  He  gives  the  figure  0-696  grms.  of  acetylene  for  each  grm. 
of  water.  This  process  is  said  to  yield  concordant  results,  lower  by 
about  0-3  per  cent  than  the  ordinary  heating  method. 

In  cases  where  scientific  accuracy  is  not  the  chief  object,  as  for 
market  control,  the  amount  of  water  may  be  determined  rapidly  by 
Birnhaum's  method  as  modified  by  Wihel  ^  in  the  following  manner : 
10  grms.  of  butter  are  shaken  up  with  30  c.c.  of  ether,  previously 
saturated  with  water,  in  a  tube  corked  at  one  end  and  provided  with 
a  stop-cock  at  the  other,  through  which  the  separated  aqueous  liquid 
is  run  of!  into  a  second  narrow  graduated  tube,  containing  5  c.c.  of 
saturated  brine  and  a  trace  of  acetic  acid,  so  as  to  give  a  distinct  red 
colour  with  litmus.  The  increase  of  volume,  due  to  the  water  in  the 
butter,  is  then  read  o£E.  The  results  are  stated  to  be  but  slightly 
below  those  obtained  by  gravimetric  analysis.* 

^  For  Crismer's  method  of  determining  tlie  amount  of  water  by  means  of  the  critical 
temperature  of  dis.Holution  the  reader  must  bo  referred  to  the  Bull,  de  V Assoc  Iklije 
dcs  (Jhim,.,  1896  (9),  ;jr.9  ;  Analyst,  1896,  241.  Cp..  A.  Sclioonjnu'.s  Hull.  Soc.  (Mm.. 
Belrj.,  1908,  342.  .fean  Jtarlholmne  says  :  If  iodine  value  is  low  aud  saponification  value 
high,  the  fatty  matter  is  likely  to  return  the  largest  aiuouut  of  water. 

''^  Chem.  News,  1911,  261  ;  cp.  also  Juugkuuz,  Chan.  ZeiL,  1914,  91. 
Journ.  Hoc.  0/iem.  Iml.,  1893,  630. 

Cp.  also  Poda,  Zeit.s.  f.  UiUers.  d.  Nahrgs-  w.  Gcmissm..,  1901,  492  ;  P.  Bengen 
r'nd.,  1908  (xv.),  r)87.    (i.  li.  Gelilard,  Knglish  patent  18,496,  1902;  M.  Vogtherr' 
Krcneli  pateut  324,74.''),  1902.    VVitli  regard  to  Nielioils'  "Sensible  Apparatus"  see 
A.  Wingleraud  J.  v.  Sury,  Chem.  ZeiL,  1908,  1140. 
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Many  other  rapid  methods  and  apparatus  have  been  proposed. 
Their  description  necessarily  falls  outside  the  scope  of  this  work,  as 
they  are  unable — and  indeed  do  not  pretend — to  furnish  accurate 
quantitative  results. 

The  proportion  of  water  in  butter  depends  to  a  large  extent  on 
the  skill  of  the  producer,  shown  by  observing  the  proper  temperature 
and  regulating  the  final  stages  of  the  "  working  "  of  the  butter  so  as 
to  eliminate  as  much  water  as  possible.  As  the  Imowledge  of  proper 
modes  of  manufactm-ing  is  being  spread  through  dairy  schools,  and 
suitable  appliances  for  expressing  the  excess  of  water  are  being  intro- 
duced largely,  the  proportion  of  water  in  European  butters  lies  now 
mostly  between  11  and  14  per  cent,  although  it  may  rise  to  16  per  cent. 
From  figures  derived  from  111  samples  of  butter  made  in  Northern 
France  97  contained  16  per  cent  and  under  of  water,  10  from  16  to  18 
per  cent,  2  from  18  to  19  per  cent,  the  remaining  2  contained  20-5 
and  23-3  per  cent  of  water  respectively. 

If  butter  is  made  at  a  somewhat  high  temperature — as  is  the  case 
in  the  West  of  Ireland — the  water  cannot  be  removed  so  readUy  as 
in  dairies  in  which  the  cream  is  cooled  properly ;  the  proportion  of 
water  in  "  Irish  butter  "  is  therefore  high,  rising  to  25  per  cent  and 
more. 

In  this  country  the  limit  of  16  per  cent  for  the  proportion  of  water 
in  butter  has  been  legalised,  and  such  exceptional  butter  as  Irish 
butter  may  only  be  sold  provided  a  sufiicient  disclosure  is  made  to  the 
purchaser. 

Some  butters  imported  from  abroad  have  a  low  percentage  of  water 
(see  below)  and  are,  therefore,  dry  and  hard  owing  to  their  having 
been  kept  in  cold  storage,  and  difficult  to  handle  in  the  retail  trade. 
In  consequence  of  this  difficulty  there  has  sprung  up  a  trade,  the 
object  of  which  is  to  incorporate  water  with  such  butters.  Under  the 
pretence  of  making  such  butters — chiefly  colonial  butters — more  easy 
to  handle  in  the  retail  trade,  there  is  sold  under  the  name  of  milk- 
blended  butter  an  artificially  prepared  butter,  containing  from  20 
to  25  per  cent  of  water.  It  is  manufactured  by  mixing  skimmed 
milk  or  whole  cream  with  butter,  and  adding  preservatives  so  as  to 
prevent  the  milk  from  "  souring."  It  is  evident  that  this  is  tanta- 
mount to  incorporating  water  with  butter.  At  first  this  adulterated 
butter  was  sold  as  "butter,"  but  owing  to  the  interference  of  the  law 
the  name  was  changed  into  "  milk-blended  butter."  ^ 

According  to  the  "  Butter  and  Margarine  Act  "  of  1907  the  sale  of 
milk-blended  butter  is  permitted  in  this  country  provided  this  butter 
contains  no  more  than  24  per  cent  of  water.  I  append  a  few  analyses 
of  "  milk-blended  "  butters  :— 


1  Although  this  mixture  of  milk  and 
prosecutions  under  the  Sale  of  Food  and 
been  given  iu  this  matter,  so  that  it  was 
was  protected  provided  that  a  sufficient  disci 
time  of  sale. 


butter  had  been  the  subject  of  numerous 
Drugs  Acts,  uo  High  Court  decision  had 
held  that  the  seller  of  ndlk-blendod  butter 
osure  had  been  made  to  the  purchaser  at  the 
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Analysis  of  Milk-Blended  Butters 


Water 
Fat 
Casein 
Salt,  etc. 


Eeichert-Meissl  value  of  fat 


For  emit. 
25-1 
65-2 

7-0 

2-7 


Tor  cent. 
22-6 
730 
2-8 
1-6 


Per  cent. 
2M 
73-1 

2-  7 

3-  ] 


100 


100 


100 


34-4 


31-3 


In  the  foUowmg  tables  I  give  a  number  of  analyses  stating  the 
percentages  of  water  in  commercial  butters.  The  numbers  of  the 
foUowmg  table  (Vieth  and  H.  D.  Richmond^)  are  arrant^ed  by  the 
author  according  to  the  percentages  of  water  :—  °  J 


Kind  of  Rutter. 

Number  of 
Samples 
examined. 

Samples  containing  per  cent  of  Water. 

From  11-14. 

From  10-15. 

Above  16. 

Observer. 

English  and 

foreign 
English  . 
Foreign  . 
French 

)j        ■       .  1 
  1 

560 
143 
417 
451 
48 

Per  cent. 

83-8 
70-7 
88-3 

Per  cent. 

94-2 
85-4 
97-2 

Per  cent. 

0-9 

0-  7 

1-  0 
8-6 
0-0 

Vieth 

H.  D.  Richmond 

1  s 

In  the  following  table  Martiny's  ^  numbers,  referring  to  more  than 
20,000  separate  analyses,  are  collated  :— 


Country. 

Water. 
Per  cent. 

Number  of 
Samples. 

England  . 

11-18 

334 

Germany — 

Fresh  butter . 

13-96 

523 

Salt  butter  . 

13-01 

1107 

France 

13-40 

225 

Denmark  . 

13-99 

9847 

Sweden 

13-68 

4423 

Finland  . 

11-18 

438 

The  percentages  of  water  in  imported  butters  (into  England)  are 
summarised  in  the  following  table  (figures  exceeding  the  permissible 
maximum  of  16  per  cent  have  been  omitted  from  the  first  horizontal 
line) : — 


*  P.  Clowes,  Report  from  the  Select  Committee  on  Butter  Trade,  1906. 
■  Analyst,  1894,  17.'  ■'  Landw.  Jakrb.,  1898,  773. 
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Origin. 

Argentine,  French,  Italian 
Danish 
Canadian  . 
Australian 
New  Zealand 
Siberian  . 


Percentage. 
12-16 
14-16 
12-16 
12-16 

9-16 

9-14 


For  purposes  of  "butter-blending"  New  Zealand  and  Siberian 
butters  have  assumed  considerable  importance.  No  doubt  the  fact 
that  the  law  permits  up  to  16  per  cent  of  water  may  induce  the  "  butter- 
blenders  "  to  add  in  "  blending  "  so  much  water  as  to  come  as  near 
as  possible  to  the  allowed  limit.  Undoubtedly  some  admixture  of 
water  is  made/  and  will  be  continued  as  long  as  the  cost  caused  by 
the  proper  controlling  of  the  percentage  of  water  in  the  final  product 
does  not  militate  against  this  practice,  but  the  extent  to  which  this 
practice  takes  place  seems  to  be  magnified  to  an  enormous  degree  in 
the  imagination  of  those  who  are  not  acquainted  with  the  conditions 
underlying  manufacturing  processes.  Since  butter-blendmg  is  con- 
sidered in  the  eyes  of  the  law  a  legitimate  industry,  it  is  impossible  to 
trace  the  addition  (if  any)  of  water  made  in  the  "  blending  process. 

In  order  to  show  what  quantities  of  butters  low  m  contents  ot 
water  are  available,  I  give  the  following  statistical  data  referrmg  to 
New  Zealand  butter  : — 

Export  of  Bulter  from  New  Zealand 


Year. 


1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1907 

1908 

1909 

1910 

1911 


Tons. 


1,159 
850 
1,499 
1,898 
1,741 
1,972 
2,697 
2,907 
3,039 
2,898 
3,567 
4,950 
4,840 
6,804 
8,629 
10,080 
12,699 
14,255 
15,718 
17,143 

lir498 
16,055 
17,826 
15,119 


Value. 


£105,537 
54,921 
118,252 
146,840 
122,701 
150,258 
227,162 
254,645 
251,280 
227,601 
281,716 
402,605 
403,690 
571,799 
740,620 
882,406 
1,205,802 
1,318,067 
1,380,460 
1,514,156 
1,615,622 
1,171,182 
1,639,380 
1,811,975 
1,576,917 


1  Cp.  Revue  intern,  des  falsiftc,  1907  (20),  97. 
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The  first  creameries  in  Siberia  were  opened  in  1893,  and  since  then 
their  number  has  increased  to  a  great  extent.  The  export  of  butter 
from  Siberia  to  Europe  has  increased  from  5/il6,800  lbs.  in  1899  to 
90,280,000  lbs.  in  1902.  (Even  this  did  not  represent  the  total  export 
from  Siberia,  as  considerable  quantities  had  been  sent  to  China  and 
Japan.  The  exports  in  1912  were  168,236,000  lbs.,  and  in  1913 
192,840,720  lbs.  With  the  improved  conditions  of  transport  and  the 
introduction  of  proper  methods  of  dairying,  even  in  the  villages  of  the 
Altai  mountains,  the  Siberian  export  has  risen  rapidly.) 

2.  Solids  -  not  -  fat  are  best  determined  in  the  sample  of  butter 
previously  employed  for  the  estimation  of  water,  by  exhausting  the 
dried  butter  with  ether,  chloroform,  carbon  bisulphide,  or  petroleum 
ether,  and  weighing  the  residue  after  drying. 

If  a  fresh  quantity  of  butter  be  taken  for  this  determination,  due 
attention  must  be  paid  to  the  fact  that  butter  is  not  a  homogeneous 
product,  as  different  parts  of  the  sample  contain,  varying  amounts  of 
butter-milk. 

The  solids-not-fat  consist  of  casein,  milk-sugar,  and  inorganic  salts. 
By  exhausting  the  dried  residue  with  water,  to  which  a  trace  of  acetic 
acid  has  been  added,  milk-sugar  and  the  bulk  of  the  inorganic  salts 
are  removed,  leaving  casein  behind ;  its  weight  is  ascertained  after 
drying.    The  minute  quantity  of  salts  retained  in  the  casein  and 
found  on  incineration  is  then  deducted.    Koenig  suggested  to  determine 
the  proportion  of  nitrogen  by  KjeldahVs  process  and  multiply  the 
result  by  6-25.    Both  methods  yield  identical  results.    The  aldehyde 
titration  method  of  Richmond  and  Miller  ^  has  been  applied  by  Miller 
to  the  analysis  of  butter.    The  method  is  as  follows  : — 10  grms.  of 
butter  are  weighed  into  a  tared  beaker  and  melted  at  about  60°  C. ; 
2.5  c.c.  of  water  at  65°  C.  are  added  and  the  mixture  agitated  and 
rendered  faintly  alkahne  to  phenolphthalein  with      alkali ;  5  c.c. 
of  concentrated  formaldehyde  solution  are  added  and  the  mixture 
well  agitated  and  neutralised  with  20  strontium  hydroxide  solution. 
The  difference  between  the  number  of  c.c.  used  in  the  second  titration 
and  that  required  by  the  formaldehyde  is  proportional  to  the  quantity 
of  protein  present,  each  c.c.  representing  0-01355  grm.   of  protein 
nitrogen,  assuming  that  the  relation  of  casein  to  albumen  is  as  7:1. 
The  .  extreme  errors  of  the  method  are  given  as  -t-0-02  and  -0-025, 
compared  with  the  Kjeldahl  method  when  using  as  a  factor  6-38.  The 
proportion  of  casein  (curd)  in  butter  varies  according  to  the  length 
of  time  the  milk  (or  the  cream)  has  been  allowed  to  stand  previous  to 
churning.    The  percentages  found  vary,  as  a  rule,  between  0-5  and 
2-25  per  cent.    The  figure  4-78  recorded  by  Koenig  must  be  considered 
an  exceptional  one.    Sammis  ^  of  the  Wisconsin  Agric.  Expt.  Station 
describes  a  method  for  the  preparation  of  curd  from  butter-milk.  For 
details  the  reader  must  be  referred  to  the  original  communication. 
The  amount  of  casein  (curd)  has  latterly  become  of  some  import- 

'  Analyst,  1912,  50. 
JijM-n.  Ind.  Eng.  Cliem.,  1010,  142. 
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ance,  as  adulteration  of  butter  lias  been  carried  out  by  means  of  curd 
obtained  from  milk  (either  by  coagulating  it  witb  tlie  help  of  i-ennet 
or  by  adding  a  little  dilute  hydrochloric  acid^  pressing  the  separated 
curd  and  converting  it,  with  the  assistance  of  sodium  carbonate,  into  a 
jelly).  The  addition  of  such  curd  permits  the  butter  to  retain  an 
increased  amount  of  water  without  its  becoming  readily  noticeable 
unless  recourse  be  had  to  chemical  analysis.  Any  butter  containing 
more  than  2  per  cent  of  curd  should  be  looked  upon  with  suspicion. 
The  following  is  the  analysis  of  an  adulterant  of  this  kind  ^  : — 


Water 

Pat 

Sugar 

Soluble  proteids  . 
Ash  of  soluble  portion 
Ash  of  insoluble  portion 
Casein  by  difference 


Per  cent. 
6546 
0-08 
2-24 
0-69 
0-35 
0-67 
30-5 


A  genuine  butter  containing  0-23  per  cent  of  casein  and  11-51  per 
cent  of  water  showed,  after  admixture  of  5  per  cent  commercial  casein, 
0-90  per  cent  of  curd  and  16-02  per  cent  of  water. 

The  amount  of  inorganic  salts,  chiefly  sodium  chloride,  is  found  by 
igniting  the  ether-insoluble  residue  from  10  grms.  of  butter,  taking 
care,  however,  not  to  heat  the  ash  to  too  high  a  temperature  lest  sodium 
chloride  shoidd  volatilise.  The  proportion  of  sodium  chloride  is  ascer- 
tained by  titration  with  standard  silver  solution,  using  potassium 
chromate  as  an  indicator.  Sodium  chloride  is  determined  with  greater 
accuracy  by  melting  in  a  porcelain  dish  10  grms.  of  butter  with  an  equal 
amount  of  parafiin  wax  and  50  c.c.  of  water,  previously  acidulated 
with  a  few  drops  of  nitric  acid,  and  stirring  the  melted  mass.  After 
cooling,  the  cake  is  taken  off  and  rinsed  carefully,  the  aqueous  liquid 
is  then  filtered,  silver  nitrate  added,  and  the  precipitated  silver  chloride 
weighed  in  the  usual  manner, 

The  proportion  of  sodium  chloride  in  113  samples  examined  by 
J.  Bell  was  found  lying  between  0-4  and  9-20,  the  majority  of  the 
samples  yielding  from  2  to  7  per  cent ;  only  in  one  case  15-08  per  cent 
was  found.  The  amount  of  salt  added  to  butter  varies,  of  course,  in 
different  countries  and  localities.  An  excessive  amount  of  ash  will 
naturally  invite  further  examination. 

Milk-sugar  is  not  determined  direct,  but  found  by  difference. 
Fraudulently  added  substances  of  a  non-fatty  nature,  such  as 
starch,  borax,  etc.,  are  detected  as  described  Vol.  I.  Chap.  IV. 

The  proportion  of  butter  fat  is  likewise  found  by  difference  ;  it 
can,  of  course,  be  determined  direct  by  evaporating  tlie  ether-extract 
and  weighing  the  residue.^ 

^  WtXgarr^o^S'ottlieb's  method,  cp.  Zeits.  f.  Unters.  d  Nahrgs-  u  Oenv^ 
1905,  x!  287-  Hesse,  Ohem.  Zentralbl.,  1905,  i.  124.  Cp.  also  Sluiw,  United  State, 
patent  1,052,098. 
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A  rapid  method  for  the  direct  determination  of  butter  fat  in  butter 
is  given  by  Konig  ^  as  follows  :— 1  grm.  of  the  butter  is  placed  in  a 
stoppered  cyUnder  of  200  c.c.  capacity  and  9  c.c.  of  hot  water  are  added. 
When  the  butter  is  melted,  2  c.c.  of  ammonia,  10  c.c.  of  alcohol,  20 
c.c.  of  ether,  and  20  c.c,  of  petroleum  ether  are  added.  The  cyhnder  is 
then  shaken  and  the  aqueous  solution  drawn  oif .  About  04  grms.  of 
powdered  gum  tragancanth  is  added,  and  after  shaking,  the  ethereal 
solution  is  decanted  into  a  weighed  flask.  The  gelatinous  mass  is 
washed  with  petroleum  ether,  which  is  also  added  to  the  flask.  The 
solvent  is  then  evaporated  and  the  residual  butter  fat  dried  and  weighed. 
^  3.  Ppesepvatives.— Well-made  butter  from  which  the  butter-mflk 
has  been  expressed  carefully,  and  which  has  been  washed  properly, 
will  remain  "  sweet "  for  a  sufficient  length  of  time.  In  the  manu- 
facture of  "  milk-blended  "  butter  the  admixture  of  preservatives  is  a 
necessity,  as  the  presence  of  milk — ^like  that  of  all  organic  putrescible 
substances — tends  to  increase  the  liability  of  butter  to  become  rancid, 
and  at  last  unfit  for  consumption.  In  the  case  of  carefully  prepared 
home-produced  butter  the  addition  of  preservatives,  except  perhaps 
pure  salt  (either  as  dry  salt  or  as  brine),  is  unnecessary, 

A  harmless  preservative  of  butter  is  salt,  and  butter  so  preserved 
will  keep  for  several  weeks,  and  in  cold  storage  even  for  months. 
Such  butter  is  known  in  the  trade  as  salt  butter,  to  difierentiate  it  from 
fresh  butter,  which  is  practically  free  from  added  salt.  The  latter 
butter  is  either  sold  in  the  fresh  state,  or  preserved,  by  being  kept 
(shipped)  in  cold  storage. 

With  regard  to  the  keeping  properties  of  butter  in  cold  storage  cp, 
W.  S.  Sayer,  0.  Rahn,  and  Bell  Ferrand.^  With  regard  to  the  influence 
of  salt  on  the  micro-oganisms  (bacteria,  fungi)  occurring  in  butter,  and 
on  the  optimum  percentage  of  salt,  cp.  0.  Fetticlc? 

Saltpetre  is  perhaps  not  so  harmless  as  common  salt.  This  pre- 
servative has  not  yet  been  the  subject  of  extensive  physiological  ex- 
periments, although  it  seems  to  be  used  frequently  in  butters  imported 
from  oversea  coimtries.^ 

Other  preservatives  are,  however,  frequently  used  to  prevent  rapid 
deterioration  of  butter  which  is  made  in  a  careless  or  uncleanly  manner. 
Notwithstanding  the  fact  that  butter  made  in  home  dairies  should 
not  require  the  addition  of  any  preservative,  yet  at  certain  seasons 
0-25  per  cent  of  boric  acid  is  added  even  in  well-conducted  creameries. 
Colonial  butter  is  usually  preserved  by  the  addition  of  a  mixture  of 
borax  and  boric  acid,  amounting  in  terms  of  boric  acid  to  about  0-5 
per  cent,  a  quantity  which  has  been  approved  of,  as  it  were,  by  the 
Preservatives  Committee  (in  England).  In  Italy  the  addition  of  0-2 
per  cent  of  borax  is  permitted.  In  the  Argentine  the  admixture  of 
boric  preservatives  is  forbidden. 

With  the  importation  of  butter  from  foreign  countries  the  necessity 

'  Apol/,.  Zeit.,  1914,  223.    Cp.  also  Kropiit,  Archiv  d.  Pharm.,  1914  (252),  70. 
^  '/MilralM.  J\  Baldermi  u.  Parasilenkund,  1908,  ii.  22, 

IIM.,  1908,  ii.  22,  32. 

Cp.  Rohrig,  Molkerci  XcU.,  1907,  1303. 
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of  preserving  it  lias  become  imperative,  and  salt  has  been  replaced  by- 
other  preservatives,  some  of  which  are  considered  inocuous,  whereas 
others  must  be  looked  upon  as  dangerous  to  health  and  are,  therefore, 
forbidden. 

Amongst  the  first  class  of  preservatives  are  included  boric  acid, 
borax,  boroglyceria,  glucose ;  amongst  the  second  class  formalin, 
benzoic  acid  and  benzoates,  and  fluorides.  Salicylic  acid  should  be 
considered  as  standing  midway  between  the  two  groups.  Hence 
there  arises  the  necessity  for  examining  butter  for  the  presence  of 
these  preservatives.-"- 

Borax  will  be  detected  on  examining  the  ether-insoluble  portion. 

Boric  acid  is  detected  by  adding  some  caustic  potash  to  10  grms. 
of  butter  fat  and  incinerating  in  a  platinum  dish.  The  ash  is  acidified 
with  hydrochloric  acid,  and  tested  with  turmeric  paper. 

Richmond  and  Harrison  ^  (using  a  sUght  modification  of  Thomson'' s 
method)  recommended  the  following  process  :— About  25  grms.  of 
butter  are  weighed  in  a  stoppered  cyUnder ;  enough  water  is  added 
to  make  with  the  water  already  present  25  c.c,  and  then  10-15  c.c. 
of  chloroform  are  added.  The  contents  of  the  cylinder  are  warmed, 
mixed,  and  allowed  to  separate  ;  an  aliquot  portion  of  the  aqueous 
solution  is  drawn  off  (each  c.c.  contains  the  boric  acid  in  1  grm.  of 
butter),  ■  made  alkaline,  evaporated,  ignited,  and  the  ash  extracted 
with  hot  water.  The  solution  is  made  neutral  to  methylorange,  boiled 
to  expel  carbon  dioxide,  and  titrated  with  standard  alkali  after  the 
addition  of  glycerol.  That  part  of  the  ash  which  is  insoluble  is  free 
from  boric  acid.  For  further  details  and  improvements  of  this  process 
(suggested  by  Warren)  the  original  paper  must  be  consulted.^ 

A  more  accurate  gravimetric  method  for  the  determination  of 
boric  acid  is  given  by  Partheil  and  Rose.^  This  method  has,  moreover, 
the  advantage  that  the  boric  acid  can  be  obtained  in  substance.^ 

Opinions  differ  as  to  the  harmlessness  (or  otherwise)  of  boric  pre- 
servatives. Although  this  subject  would  appear  to  lie  beyond  the 
scope  of  this  work,  yet  Wiley's  «  summary  may  be  reproduced  here. 
"  It  appears  that  both  boric  acid  and  borax  when  contmuously 
administered  in  smaU  doses  for  a  long  period,  or  when  given  m  large 
quantities  for  a  short  period,  create  disturbance  of  appetite,  digestion 
and  health."  In  order  to  show  the  extensive  use  made  of  boric  acid 
the  following  notes  taken  from  the  Government  Laboratory  Eeport 
may  be  added :  Boron  preservatives  were  found  in  53-5  per  cent  of 

1  Stokes,  Analyst,  1912,  178. 

2  Analyst,  1902,  179. 

3  Ibid.,  1902,  182. 

FoTte  cimi  omll  .nethod  cp.  Fendler,  Cl.e>n  1906, 108  ;  ZeUs  l  mters 

d.  Nahrgs.  u.  Oenussm.,  1906  (xii.),  137  ;  ibid.,  1908,  xv,.  209.    Cp.  also  Serger,  dim. 

^"''^''lljtnl^l'f  Food  Preser^aUves  and  AHificial  Colours  on  ^^^^'^  «^f,,S"Jf 
I.-Boric  Acid  and  Borax,  by  H.  W. '  Wiley.     Wa.sh,ngton,  U.S.  D.p^t.nma^ 
Agriculture,  1904.    Cp.  a  criticism  of  Wiley's  Report  by  Liebncli  (Berl.n,  1906,  Au„... 
Hirsohwald),  and  L.  Spiegel,  Chem.  Zeit.,  1907,  14. 
'  Journ.  Soc.  Chem.  Ind.,  1907,  1031. 
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Canadian  butters,  93-8  per  cent  of  French  butters,  93-6  per  cent  of 
Belgian  butters,  83-3  per  cent  of  Australian  butters,  844  per  cent 
of  South  American  butters,  79-5  per  cent  of  New  Zealand  butters  ; 
the  percentages  refer  to  the  number  of  samples  taken.  Butters  from 
southern  coimtries  in  particular  contained  a  preservative  in  excess  of 
the  amount  recommended  as  the  limit  by  the  "  Committee  on  the 
Preservatives  in  Food." 

Glucose. — In  the  United  States  glucose  is  used  as  a  preservative 
for  export  butter.^  It  is  detected  by  washing  the  sample  repeatedly 
with  hot  water  and  testing  the  aqueous  layer  with  FeJding's  solution. 
The  fact  should  not,  however,  be  overlooked  that  a  slight  reduction 
may  be  caused  by  milk-sugar  or  some  of  the  albuminoids. 

Salicylic  acid  is  sometimes  used  to  preserve  butter.^  It  is  detected 
by  shaking  the  sample  with  twice  its  volume  of  20  per  cent  alcohol  and 
a  few  drops  of  dilute  ferric  chloride.  In  the  presence  of  salicylic  acid 
the  aqueous  layer  shows  a  violet  tint.^ 

Formalin  (formaldehyde)  is  best  detected  by  Rehner's  method  in 
the  form  given  to  it  by  Richmond  and  Bosely  :  *  Add  to  the  aqueous 
liquor,  obtained  when  butter  is  melted,  a  drop  of  milk,  and  pour  the 
mixture  carefully  on  to  the  surface  of  concentrated  sulphuric  acid  con- 
tained in  a  test-tube.  In  the  presence  of  formalin  a  blue  riag  will 
appear  at  the  zone  of  contact  of  the  two  liquids.  A  trace  of  ferric 
chloride  renders  the  reaction  far  more  distinct.  The  German  official 
method  directs  to  place  50  grms.  of  butter  in  a  250  c.c.  flask  together 
with  50  c.c.  of  water,  to  warm  the  mixture  on  the  water-bath,  and 
to  distil  off  25  c.c.  in  a  current  of  steam.  To  10  c.c.  of  the  distillate 
2  drops  of  an  ammoniacal  solution  of  silver  nitrate  are  added,  and  the 
mixture  allowed  to  stand  in  the  dark.  The  presence  of  formalin  is 
inferred  from  the  reduction  of  the  silver  nitrate.^  (The  reaction 
described  above  is  a  general  reaction  of  formaldehyde  with  proteins.) 
This  method  is,  however,  not  free  from  objection,  since  butter  made 
from  ripened  cream  may  contain  volatile,  silver-reducing  substances.*' 

A  new  preservative  sold  commercially  consists  of  a  mixture  of 
glucose  and  formic  acid  to  which  a  small  quantity  of  an  ester  is  added, 
in  order  to  mask  the  smell.  Since  at  least  0-05  per  cent  of  formic  acid 
is  necessary  to  act  as  a  preservative,  its  detection  is  not  difficult  {Rich- 
mond'^). 

Saccharine  has  also  been  recommended  for  the  preservation  of 
butter.  A  method  for  its  detection  has  been  given  by  Bianchi  and 
Di  Nola  ^  as  follows  : — The  fat  is  saponified  with  alcoholic  potash  in 
the  usual  manner.  The  alcohol  is  driven  off  and  the  soap  solution 
acidified  with  sulphuric  acid.    After  removal  of  the  fatty  acids,  the 

'  Cramptoii,  Jmi/rn.  Amer.  Chem.  Soc,  1898,  201.    Analyst,  1898,  130. 
^  .Tourn.  Soc.  Chem.  Ind..  1887,  670  ;  Xdls.  f.  Unlers.  d.  Nahrr/n-  u.  Ocnussm.,  1908 
(xvi.),  209. 

Cp.  also  Barthe,  Bull.  .%c.  Chim.,  1894,  516. 

Analyal,  1895,  155  ;  1806,  92,  94,  157. 
"  (.'p.  also  T.  Bokorny,  Chem.  ZeiL,  1909,  1141  and  1150. 
"  Cp.  Mayrhofer,  Zdl.t.  f.  Untcrs.  d.  Nahrfja-  u.  Gcnumn.,  1898  (xv.),  552. 
'  Anali/.i/.,  1898,  116  ;  op.  Zeil.i.  /'.  Uniers  d.  Nahrgs-  u.  Oenun.wi.,  1898  (.xvi.),  226. 
»  Boll.  Chim.  Farm.,  1908,  47,  183. 
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aqueous  solution  is  extracted  with  a  mixture  of  etlier  and  petroleum 
ether.  The  extract  after  distilling  off  the  solvent  is  tested  for 
saccharine. 

Benzoic  Acid  and  Benzoates. — These  preservatives  are  now  used  on 
the  Continent,  especially  for  margarine.-*-  Wiley  ^  has  drawn  the  con- 
clusion from  his  extensive  investigations  of  the  subject  that  "  in  the 
interest  of  health  benzoic  acid  and  benzoate  of  soda  should  be 
excluded  from  food  products."  On  the  other  hand  an  American  Com- 
mittee consisting  of  Remsen,  Long,  Chittenden  and  Herter  have  stated 
their  opinion  that  sodium  benzoate  should  be  permitted  as  a  pre- 
servative. 

Gerlach  ^  also  states  that  benzoic  acid  has  no  toxic  action  on  the 
human  organism,  but  its  use  as  a  preservative  has  been  condemned  by 
the  Scientific  Deputation  of  the  German  Agricultural  Department. 
Since  benzoic  acid  is  volatile  with  aqueous  vapours,  a  sUght  increase 
of  the  Reichert-Meissl  value  is  caused  thereby.  This  may  be  of  special 
importance  in  the  examination  of  margarine  for  the  legally  permissible 
limit  of  added  butter.  Benzoic  acid  is  detected  in  the  first  instance  by 
a  somewhat  high  acid  value  of  the  butter  fat.  It  will  be  best  identified 
by  isolating  benzoic  acid  in  substance,*  and  by  the  odour  of  its 
ethylester. 

Fluorides  have  recently  been  used  as  preservatives,  especially  for 
Brittany  butter.^  A  "  butter  preservative "  is  sold  there  which 
contains  about  98  per  cent  of  sodium  fluoride. 

The  presence  of  fluorides  is  detected  by  melting  about  50  grms. 
of  butter,  separating  the  aqueous  layer,  rendering  it  alkaline,  and 
evaporating  the  latter  to  dryness.  The  ignited  residue  is  then  treated 
in  a  platinum  crucible  with  strong  sulphuric  acid,  the  crucible  bemg 
covered  with  a  wax-coated  watch-glass,  having  a  mark  scratched  in 
the  wax.  The  crucible  is  heated  on  a  sand-bath  for  two  hours.  In 
the  presence  of  even  one  mgrm.  of  calcium  or  sodium  fluoride 
the  glass  will  be  found  distinctly  etched.  A  preservative  examined  by 
Bodtger  ^  consisted  of  potassium  fluorids  with  a  large  quantity  of  sihcic 
acid,  which  masked  the  usual  test  for  fluoride.  In  order  to  detect 
fluorine  the  powder  was  heated  with  concentrated  sulphuric  acid  and 
the  vapours  passed  into  water.    The  solution,  after  filtering  off  the 

1  Bemelman.s,  Zeils.f.  Unlers.  d.  Nahrgs-  u.  Oemissm.,  1907,  xiii.  p.  492  ;  Grimaldi, 
Ohem.  Zeit.,  1908,  794  ;  Lelimanu,  ihid.,  1908,  949. 

2  Influence  of  Food  Preservatives  and  Artificial  Colours  on  Digestion  and  JIaUtli. 
IV.— Benzoic  Acid  and  Benzoates,  Washiugtou,  1908.  Cp.  also  K.  B.  Lehmauii,  Vhem. 
Zeit.,  1908,  949,  and  1911,  1297.  Polenske,  Arl).  a.  d.  Kaiserl.  Oesundheitsamtes,  1911, 
149. 

3  Physiologische  Wirkung  der  Bmzoesaure  uud  des  benzoesCiurer  Natriums.  Boole 
written  at  the  instance  of  the  Association  of  German  Margarine  Manufacturers. 

•*  A  E.  Leacli,  Zeits.  f.  Unters.  d.  Nahrgs-  u.  Genussm.,  1905,  i.x.  50  ;  A.  Kolirig, 
ibid.,  1908  ;  W.  V.  Genersich,  ibid.,  1908,  xvi.  209  !  Halphen  rf« 
Ohim..  1908,  201  ;  L.  Robin,  Annal.  chim.  analytique  (Genersicli),  1908  (13),  431,  ana  m 
critical  review  by  Fisolier  and  Grueuert,  Zeits.  f.  Unters.  d.  Nahrgs.- u  Ucnussw.,  UUJ 
(xvii.),  721.  The  last-named  authors  advocate  the  conversion  of  benzoic  acul  inio 
salicylic  acid.    Cp.  also  W.  Friese,  Pharvi.  Zentralb.,  1911,  1201. 

5  0.  and  C.  W.  Hehner,  Analyst,  1902,  173. 

"  Ohem.  Zeit.,  1912,  105. 
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gelatinous  silica,  was  precipitated  with  potassium  carbonate,  and  the 
potassium  sihco  fluoride  tested  in  the  usual  manner. 

.  Since  in  the  presence  of  a  boric  preservative  boron  fluoride  is  evolved 
by  strong  sulphuric  acid,  the  formation  of  boron  fluoride  must  be 
prevented  by  the  use  of  dilute  sulphuric  acid ;  as  long  as  the  amount 
of  boric  acid  does  not  exceed  five  times  the  amount  of  the  fluoride 
present,  the  etching  of  the  glass  can  be  obtained.  It  is,  however, 
preferable  to  remove  the  boron  compounds  at  first.  This  is  done  by 
separating  the  aqueous  liquor  from  50  grms.  of  butter,  adding  calcium 
chloride,  and  heating  to  boiling  after  a  small  excess  of  sodium  car- 
bonate has  been  added.  The  precipitate  (consisting  of  calcium  borate, 
calcium  fluoride,  calcium  carbonate,  calcium  phosphate,  and  perhaps 
traces  of  sulphate)  is  filtered  ofi,  ignited,  and  the  residue  treated  with 
hot  dilute  acetic  acid  to  remove  the  carbonate,  borate,  and  phosphate. 
The  residue  is  then  filtered  ofi,  ignited,  and  treated  with  strong  sulphuric 
acid  as  described  above. 

4.  Colouring'  Matter. — Butter  has  no  special  colour  of  its  own. 
That  made  during  the  time  when  the  cows  are  on  grass  is  yellow, 
whereas  in  winter  when  the  cows  are  stall-fed  the  butter  is  almost 
white.^  As  the  pubhc  demands  a  yellow  butter,  the  product  is  as  a 
rule  coloured  artificially  before  being  placed  on  the  market.  The 
use  of  colouring  matters,  therefore,  is  not  prohibited.  (Butter  which 
is  naturally  yellow  is  rapidly  bleached  when  exposed  to  light  and  air.) 

Foreign  colouring  matters,  "  butter  colouring,"  are  detected  by 
shaking  the  melted  butter  with  alcohol.  In  presence  of  foreign  colour- 
ing matters  the  alcoholic  layer  becomes  tinted,  whereas  natural  butter 
leaves  the  alcohol  colourless. 

Moore  ^  and  Martin  ^  recommend  the  use  of  a  mixture  of  alcohol 
and  carbon  bisulphide.  According  to  Martin,  5  grms.  of  butter  are 
shaken  with  25  c.c.  of  a  mixture  consisting  of  15  parts  of  methyl 
alcohol,  or  ordinary  alcohol,  and  2  parts  of  carbon  bisulphide.  Two 
layers  are  formed  ;  the  lower  one  consists  of  the  fat  dissolved  in  carbon 
bisulphide,  the  upper  alcoholic  layer  contaias  the  colouring  matter. 

Stehbins,^  however,  has  pointed  out  that  the  small  quantity  of  fat 
retained  by  the  alcoholic  layer  may  interfere  with  the  subsequent 
examination,  and  that  "  carotin,"  the  colouring  matter  from  carrot 
juice,  is  more  easily  soluble  in  carbon  bisulphide  than  in  alcohol.  He 
substitutes,  therefore,  the  following  process : — Melt  50  grms.  of  the 
sample  in  a  beaker  on  the  water-bath,  stir  into  the  melted  mass  5  to 
10  grms.  of  finely  powdered  fuller's  earth,  agitate  thoroughly  for  two  or 
three  minutes,  and  allow  to  settle  out  completely  whilst  warm.  Drain 
off  the  bulk  of  the  fat,  add  20  c.c.  of  benzene,  stir  well,  allow  to  deposit, 
and  decant  the  solution  through  a  filter.  Eepeat  this  process  until 
the  fat  is  completely  removed,  and  wash  the  precipitate  on  the  filter 

'  III  this  counectioii  it  may  bo  interesting  to  note  that  in  somo  Swiss  farms  having 
an  abundant  growth  of  Lconlodon  and  Jtanunculu.i,  the  cows  gave  butter  of  such  intense 
yellow  colour  tliat  suspicion  was  aroused  ;  tlie  l>utter  ol)t;ained  after  tliu  second  grazing 
was  very  mucli  paler.     In  the.  United  Stat(^s  also  ititensely  yellow  butter  is  mot  with. 

^  Analyst,  1],  163.  ■•'  IlmL,  12,  70. 

Joiirn.  Amcr.  Chem.  Sue,  1887,  41. 
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with  benzene.  Test  the  filtrates  for  carotin.  Dry  the  precipitate  on 
the  water-bath,  and  boil  out  three  times  with  about  20  c.c.  of  94  per 
cent  alcohol.  Evaporate  the  alcoholic  extracts  in  a  tared  dish,  dry  at 
100°  C,  and  weigh  the  residue.  The  residue  obtaiaed  by  either  method 
is  then  examined  by  means  of  special  reactions  for  the  colouring  matter 
suspected  to  be  present. 

Turmeric  {curcuma)  and  annatto  (notwithstanding  the  disgusting 
method  by  which  the  latter  is  prepared)  are  at  present  chiefly  used  in 
France.  A  preparation  for  colouring  butter  is  sold  there  under  the 
name  of  "  jaune  gras  "  ("fat  yellow"),  made  by  digesting  annatto 
with  sesame  oil  and  then  adding  turmeric. 

Turmeric  is  indicated  by  the  appearance  of  a  brownish  -  yellow 
colouration  on  adding  a  few  drops  of  ammonia,  and  of  a  reddish- 
brown  colouration  on  subsequently  adding  hydrochloric  acid. 

Annatto  is  identified  by  a  reddish-brown  residue,  which  dissolves 
in  concentrated  sulphmic  acid  with  production  of  a  blue  colour. 

In  the  presence  of  saffron  an  orange-coloured  precipitate  is  obtained 
on  dropping  lead  acetate  into  the  aqueous  solution  of  the  residue. 

Harmless  colouring  matters  are  turmeric,  annatto,  carotin,  marigold 
extract,  and  safEi-on.  With  regard  to  the  last  colouring  matter  it 
should,  however,  be  noted  that  exhausted  safii'on,  coloured  yellow 
with  an  aniline  dye,  is  frequently  sold. 

Aniline  colours  are,  as  a  rule,  poisonous,  and  should  not  be  used  for 
colouring  butter.^  According  to  Frehse  auramine  is  occasionally  used 
for  colouring  butter,  and  may  be  detected  by  the  following  test : — 
1  c.c.  of  oil  is  saponified  with  20  c.c.  of  an  8  per  cent  alcoholic  soda 
solution  with  the  addition  of  a  Uttle  zinc  dust.  50  c.c.  of  water  are 
added  and  the  solution  shaken  out  with  benzene.  On  dissolving  the 
residue  obtained  from  the  benzene  solution  in  glacial  acetic  acid,  a 
blue  colour  is  obtained.^  A  comprehensive  scheme  for  testing  for  the 
various  colouring  matters  has  been  worked  out  by  Leeds. 

Leeds  ^  dissolves  100  gi-ms.  of  butter  in  300  c.c.  of  pure  petroleum 
ether,  of  0-638  specific  gravity,  in  a  separating  funnel,  draws  off  the 
curd  and  water,  and  washes  several  times  with  water,  using  about 
100  c.c.  The  solution  of  butter  fat  is  then  kept  at  0°  C.  for  about 
twelve  to  fifteen  hours,  so  that  the  bulk  of  the  solid  glycerides  may 
crystallise  out.  The  liquid  fat  is  poured  off  and  shaken  with  50  c.c. 
of'decinormal  alkali,  to  remove  the  colouring  matters  from  the  ethereal 
solution.  The  aqueous  layer  is  drawn  off  and  carefully  titrated  with 
hydrochloric  acid,  until  just  acid  to  Utmus.  The  colouring  matters, 
containing  a  minute  quantity  of  fatty  acids,  are  thus  precipitated ; 
the  precipitate  is  transferred  to  a  tared  filter,  washed  with  cold  water, 
dried,  and  weighed. 

For  the  discrimination  of  the  several  colouring  matters  the  pre- 
cipitate is  dissolved  in  alcohol  and  two  or  three  drops  of  the  solution 

1  R.  W.  Cornelison,  Joimi.  Amer.  Ohem.  Soc,  1908,  1478.  .,,„,,  nr 

2  A'nn.  das.  faUiJic,  1910  (3),  293.  Cp.  also  Matthewson,  Umie<l  Stales  Dept.  oj 
Agric.  Bureau  o/'Chem.,  1913,  No.  113. 

■>  Analyst,  1887,  150. 
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tested  with  an  equal  quantity  of  the  reagents  given  in  the  following 
table  : — 


Reactions  of  Colouring  Matters 


Colouring  Matters. 

Conceulrated 

Concentrated 
HNO3 

Concentrated 
HCl. 

Annatto 

Indigo  blue, 
changing  to  violet 

Blue,  becoming 
colourless  on 
standing 

Same 

No  change,  or 
only  slight  dirty 
yellow  and  brown 

Ann!ittn+ 
decolourised 
butter 

Blue,  becoming 
green,  and  slowly 
changing  to  violet 

Blue,  then 
green  and 
bleached 

Decolourised 

No  change,  or 
only  slight  dirty 
yellow 

Turmeric  l 

Pme  violet 

Violet 

Violet 

Violet,  changing 
to  original  colour 
on  evaporation  of 
HCl 

Turmeric+ 
decolourised 

Violet  to  purple 

Violet  to  reddish 
violet 

Same 

Very  fine  violet 

SaCfron 

Violet  to  cobalt 
blue,  changing  to 
reddish  brown 

Light  blue, 
clianging  to  light 
reddish  brown 

Same 

Yellow,  changing 
to  dirty  yellow 

Saffron + 
decolourised 

Dark  blue, 
changing  quickly 
to  reddish  brown 

Blue,  through 
green  to  brown 

Blue,  quickly 
changing  to  purple 

Yellow,  becoming 
dirty  yellow 

Carrot 

Umber  brown 

Decolourised 

Do.  with  NO2 
fumes  and  odour 
of  burnt  sugar 

No  change 

Carrot+ 
"butter 

Reddish  brown  to 

Tiiimlp  ^iiniljir  f'.n 

turmeric 

Yellow,  and 
Hppolfiiiri  upd 

Same 

Slightly  brown 

Marigold 

Dark  olive  green, 
permanent 

Blue,  changing 
instantly  to  dirty 
yellow  green 

Green 

Green  to  yellowish 
green 

otiiuu  wur 

iji^ii  If  uru  wii 

Pui'tiftll  V 
decolourised 

Decolourised 

No  chajige 

Aniline  yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Martins  yellow 

Palo  yellow 

Yellow,  reddish 
precipitate. 
Magenta  at  margin 

Yellow 

Yellow,  precipitt'ile 
treated  with  NHa 

and  ignited ; 

dcflagrntes 

Victoria  yellow 

Partially  decolour- 
ised 

Same 

Same 

Same,  colour 
returns  on  neu- 
tralising with 
NH3 

'  Aminoiii.'i  give.s  with  tiirnierlc  11  rcddisli-lirown  colour  whidi  rovort.s  to  t.lio  original 
colour  oil  driving  off  the  aiiiiiioiiid. 
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A  scheme  for  tlie  identification  of  colouring  matters  in  foods  by  their 
behaviour  with  a  solution  of  tannin  and  sodium  acetate,  hydrochloric 
acid,  sodium  hydroxide  solution,  basic  lead  acetate,  and  normal  lead 
acetate  has  been  devised  by  Loomis}  Chap^nan  and  Siebold  ^  describe 
a  method  for  the  "  adsorbtion  "  of  colouring  matters  by  mixing  with 
kaolin.  These  authors  state  that  colouring  matters  can  be  divided 
into  three  classes ;  those  which  are  completely  "  adsorbed,"  those 
which  are  partially  "  adsorbed,"  and  which  may  be  recovered  from 
the  kaolin  by  washing  with  water,  and  those  which  are  not  appreciably 
"  adsorbed." 

According  to  Leffmann,^  methylorange  is  extensively  used  in  the 
United  States,  especially  for  "  oleomargarine."  The  colouring  matter 
is  extracted  as  described  above  and  tested  with  dilute  acid,  when  the 
well-known  red  tint  will  appear. 

Geisler  *  states  that  annatto  is  now  largely  replaced  in  the  United 
States  by  a  yellow  azo  dye,  which  is  used  in  combination  with  an 
orange  dye  (methylorange  ?).  The  dye  can  be  extracted  from  the 
fat  by  agitating  with  fuller's  earth,  from  which  the  colouring  matter 
in  its  turn  can  be  extracted  by  boiling  alcohol.  The  isolated  dye 
dissolves  in  concentrated  sulphuric  acid  giving  a  yellow  colouration, 
which  changes  to  red  on  the  addition  of  water.  (Methylorange  does 
not  behave  in  the  same  manner  with  fuller's  earth.) 

In  the  United  States  red  palm  oil  also  has  been  used  as  a  colouring 
matter,  the  palm  oil  being  incorporated  with  the  help  of  cotton  seed 
oil.  (This  colouring  matter  was  chiefly  used  in  the  manufacture  of 
"  oleomargarine.")  As  the  employment  of  this  colouring  matter  is 
now  prohibited  by  law,  the  methods  which  had  been  proposed  for 
its  detection  need  not  be  discussed  here  ^  (cp.  also  Vol.  III.  Chap. 
XV.). 

Grunhut^  proposes  to  detect  colouring  matters  by  dyeing  wool 
with  the  extract.  He  saponifies  the  sample  in  the  cold  (Vol.  I.  Chap. 
II.),  evaporates  ofE  the  petroleum  ether  and  the  bulk  of  the  alcohol, 
dissolves  the  residue  in  water  and  acidulates  slightly  (so  that  the  fatty 
acids  just  commence  to  separate),  renders  slightly  alkaline  with  sodium 
carbonate,  and  heats  to  boiling  after  adding  some  wool.  Dimethyl- 
amidoazobenzene  cannot  be  detected  by  the  dyeing  test ;  its  presence 
must  be  proved  spectroscopically,  after  the  colouring  matter  has 
been  extracted  from  the  soap  solution  by  means  of  petroleum  ether. 
It  should  be  noted  also  that  annatto  dyes  wool  yellow. 

Further  notes  on  colouring  matters  will  be  found,  Vol.  III.  Chap. 
XV.,  under  the  heading  "  Edible  Fats." 

Butter  colours  are  similarly  examined,  using,  of  course,  a  smaller 
quantity  of  the  sample.  About  5  grms.  are  dissolved  in  20-25  c.c.  of 
petroleum  ether,  and  treated  with  10  c.c.  of  a  4  per  cent  solution  of 

1  United  Stales  Dept.  A(jric.  Bureau  of  Cliem.,  1911,  No.  63,  p.  1. 

2  Analyst,  1912,  339.  ^        ,  . 
Second  annual  report  of  the  Dairy  and  Food  Commissioner  of  Pennsylvania. 

^  Journ.  Amer.  Ohem.  Soc,  1898,  110. 

'''  Crompton  and  Simonds,  Juimi.  Amer.  Ohem.  Sue,  1905,  270. 
"  Chem.  Ceniralbl.,  1898,  ii.  943. 
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potash.^  Reinsch  ^  states  that  a  butter  colour  lie  examined  contained 
33  per  cent  mineral  oil. 

In  commerce  butter  is  not  merely  valued  by  its  purity  (as  ascer- 
tained by  the  tests  described  in  the  foregoing  lines^  and  the  chemical 
tests  for  butter  fat  to  be  described  below),  but  its  value  depends  also 
to  a  considerable  extent  on  its  flavour  and  taste.  A  proper  valuation 
of  butter  on  the  strength  of  the  last  two  properties  hardly  belongs 
to  the  province  of  the  analytical  chemist,  as  it  requires  a  good  deal 
of  practice,  which  is  not  based  on  chemical  evidence. 

Different  countries  and  even  different  provinces  of  one  and  the 
same  country  require  differently  flavoured  butters ;  and  their  value 
is  judged  regularly  in  commerce  without  having  recourse  to  chemical 
analysis. 

In  this  connection  it  may  be  pointed  out  that  the  peculiar  aroma 
of  a  good  butter  is  due  to  the  action  of  a  bacterium,  which  gives  rise 
to  the  formation  of  the  flavouring  substance  during  the  ripening  of 
the  cream.  That  this  is  the  case  is  shown  by  the  general  experience 
that  the  desired  butter  aroma  does  not  appear  in  sweet  cream  butter 
prepared  without  the  addition  of  a  "  starter,"  such  butter  having  what 
is  termed  a  "  flat "  (insipid)  taste.  A  bacterium  of  this  kind,  to  the 
presence  of  which  the  flavouring  of  ripened  cream  could  be  attributed, 
was  first  isolated  by  Storch.  Weigmann  ^  described  two  forms  or  races, 
one  of  which  develops  an  exquisite  flavour  and  aroma,  but  yields  a 
butter  which  does  not  keep  well,  whilst  the  second  race  develops  less 
aroma,  but  the  butter  keeps  better.  The  cultivation  of  cream-ripen- 
ing bacteria  has  been  considerably  advanced  in  America  by  H.  W. 
Conn.^  Laboratory  experiments  having  demonstrated  that  a  particular 
butter  bacillus  can  produce  a  pleasant  flavour,  if  inoculated  into  the 
cream  during  the  process  of  ripening  under  such  conditions  that  it 
can  grow  rapidly,  pure  cultures  of  this  bacillus  were  distributed  amongst 
numerous  dairies.  By  this  means  the  "  June  flavour,"  which  had 
hitherto  only  been  met  with  in  butter  of  certain  districts  during  a 
short  season  of  the  year,  can  now  be  produced  artificially.  This 
flavour  is  stated  to  be  retained  in  the  butter  even  for  a  longer  period 
than  the  flavour  which  is  obtained  without  such  aid  in  ripening.  In 
addition  to  the  fine  flavour  a  somewhat  enhanced  keeping  property  is 
said  to  be  imparted  to  the  butter.^  An  artificial  flavouring  compound 
consisting  of  sesame  oil  with  the  addition  of  amylacetate  and  coumarin 

'  The  following  formula;  for  butter  colours  have  been  quoted  by  Lcffman  from  a 
I)rv.g(jis€s  Circular : — 


Extract  of  Annatto  .    10  ounces. 

Turmeric    .      .  .      5  „ 

Logwoo'l  cliipH  .  .     2i  „ 

Cotton  seerl  oil  .  .1  fjalloii. 


Annatto  soed,  bruised  .  10  part8. 

Turmeric       .      .  .  3  ,, 

Ammonium  carbonate  .  1  imrt 

Cotton  seed  oii      .  .  73  parts. 

Lard      .      .      .  .  10  „ 


2  Chem.  Cenlralhl.,  1912  (1),  1130. 
■•   •'  Milchzdlung,  1896,  793. 

Cp.  Agricultural  Bacteriology,  Lonilon,  190,9,  llcbnmii,  Ltd. 

°  Rosengrun,  Milchw.  Zentr.,  1912,  321  ;  cp.  also  Weigmann  and  Wollf,  ibid., 
1912,  .529. 
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is  sometimes  added  to  butter.  Another  method,  due  to  Muller}  consists 
in  adding  2-5  per  cent  of  lecithin  to  the  sweet  cream  and  allowing  it 
to  ripen  for  30  hours  at  12-15°  C. 

In  order  to  racrease  naturally  the  proportion  of  lecithia  in  cream 
Witte  2  pasteurises  the  cream,  cools  it  quickly  to  2-4°  C,  and  keeps  it 
at  that  temperature  for  from  1  to  10  days.  It  is  then  raised  to  from 
16  to  30°  C,  soured,  and  allowed  to  mature. 

"  Fishy  "  butter  is  met  with  in  Norway,  beiag  obtained  from  cows 
fed  on  fish  meal. 

Badly  flavoured  colonial  butter  has  also  been  termed  "  fishy  " 
butter  or  butter  suffering  from  "  fishiness."  This  is  stated  to  have 
been  caused  by  the  contact  of  the  mUk  or  cream  with  rusty  utensils  or 
with  copper.  Others  have  ascribed  this  defect  to  the  action  of  a  micro- 
organism acting  on  the  proteins  in  butter,^  The  growth  of  this  organism 
is  said  to  be  prevented  by  "  salting  "  the  butter  or  by  cold  storage. 
Another  kind  of  "  fishy  "  butter  is  represented  by  overworked  renovated 
butter. 

"  Sandy  "  butter  (which  contains  undissolved  salt  granules),  and 
other  kinds  of  butter  having  an  objectionable  flavour  wiU  naturally  be 
either  rejected  or  must  be  sold  at  low  prices.  Stocklin  and  CrocJitelle  * 
state  that  the  milk  obtained  from  cows  which  have  been  fed  on  cakes 
derived  from  cruciferous  plants  contains  sulphocyanides.  This  stands 
in  need  of  confirmation.  Most  of  the  badly  flavoured  butters,^  as  also 
those  which  are  mouldy,  spotty,^  discoloured,  etc.,  are  re-worked  and 
sold  as  renovated  butter. 

Rogers  and  Gray  state  that  butter  prepared  from  acid  cream 
develops  an  unpleasant  flavour  on  keeping  even  at  - 10°  F. 

"Renovated"  butter  or  "  ppoeess "  butter  (French  —  beurre 
renove,  beurre  rebroye  ;  German — AufgefriscJite  Butter,  Renovierte  Butter) 
is  manufactured  iu  large  quantities  in  the  United  States  (since  1883). 
It  is  stated  that  duriag  1902  the  production  of  "  process  "  butter 
amounted  to  5,879,833  lbs.,  equal  to  about  half  the  quantity  of  margarine 
("  oleomargarine  ")  made  in  the  United  States.  It  is  manufactured 
from  unsaleable,  "  rancid  "  butter  ^  by  melting  and  separating  the 
butter  fat  from  the  aqueous  solution  and  the  curd.  The  fat  is  next 
blown  with  air  to  remove  the  objectionable  flavour,  and  then  quickly 
cooled  in  a  current  of  cold  water  so  as  to  prevent  the  separation  of 
the  more  liquid  portion  of  the  butter  ("butter  oil")  from  the  more 
solid  portion.  The  butter  fat  is  then  churned  with  fresh  milk,  to  which 
cultures  of  suitable  bacteria  have  been  added.    The  milk  soon  becomes 

'  German  patent  221,698. 

English  patent  1744,  1910. 
•■'  L.  A.  Rogers  and  C.  E.  Gray,  United  States  Dept.  Agric,  1909,  114. 

Chem.  Zeil.,  1910,  695. 

5  Cp.  H.  Weigmann,  Landw.  Jahrh.,  1908  (37),  261. 

6  The  appearance  of  spots  ("marbled  butter")  seems  to  be  due  to  the  defective 
removal  of  buttermilk,  or  to  the  fact  that  the  salt  has  not  been  evenly  distributed  in  the 
butter. 

'  United  States  Dept.  Agric,  1909,  No.  119. 

8  J.  Oudsteyn,  United  States  patent  1,042,471  ;  American  Farm  Products 
English  patent  7500,  1907  ;  Higgins,  English  patent  15,221,  1913. 
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sour  and  coagulates,  thus  furnishing  an  artificial  curd  containing  about 
the  same  proportions  of  nitrogen  as  does  the  curd  of  genuine  butter. 
It  is  evident  that  by  chemical  methods  alone  "  renovated  butter  " 
cannot  be  distinguished  from  genuine  butter,  the  fat  contained  in  such 
butter  being  of  com'se  genuine  butter  fat,  and  the  proportions  of  the 
constituents  being  as  a  rule  so  regulated  as  to  simulate  the  composi- 
tion of  a  normal  butter.  This  is  exemplified  by  the  mean  of  seventy- 
five  analyses  of  process  butters  published  by  Crampton  ^  : — 


Maximum. 

Minimum. 

Mean  Value. 

Per  cent. 

Per  cent. 

Per  cent. 

Fat  . 

88-88 

68-80 

82-05 

Curd  . 

2-65 

0-77 

1-47 

Ash  . 

7-49 

0-97 

2-85 

Water 

23-17 

8-01 

14-44 

"  Process  or  renovated  butter  "  is  defined  by  the  "  Act  of  Congress 
of  9th  May  1902  "  as  butter  which  has  been  subjected  to  any  process 
by  which  it  is  melted,  clarified,  or  refined,  and  made  to  resemble  genuine 
butter.  Process  butter  containing  any  substances  foreign  to  butter  or 
more  than  16  per  cent  of  water  is  classed  as  "  adulterated  butter." 

Hess  and  DooUttle  ^  propose  to  identify  renovated  butter  by  the 
appearance  of  the  curd,  as  the  curd  from  process  butter  is  milk-casein, 
whereas  the  curd  from  normal  butter  is  the  protein  of  cream.  They 
further  state  that  renovated  butter  presents  under  a  polarisation 
microscope  a  different  appearance  from  genuine  butter.  In  genuine 
butter  the  fat  is  contained  in  isotropic,  or  at  any  rate  in  such  micro- 
crystaUine  form  that  under  the  polarisation  microscope  with  moderate 
magnification  no  polarising  crystals,  or  at  any  rate  only  few,  are  noticed. 
Renovated  butter  shows,  on  the  contrary  (like  margarine),  throughout 
the  whole  mass  a  distinct  crystalline  structure.^  For  the  details  the 
reader  must  be  referred  to  the  original  paper,  and  it  need  only  be  added 
that,  according  to  Hess  and  DooUttle,  "  process  butter  "  does  not  yield 
a  clear  layer  of  fat  on  melting,  even  after  some  prolonged  standing, 
whereas  the  fat  of  pure  butter  becomes  clear  soon  after  melting.  This 
may  explain  the  observation  that  renovated  butter  (like  margarine) 
is  characterised  by  "  spurting  "  when  heated  in  a  pan,  whereas  genuine 
butter  froths  quietly. 

Renovated  butter  does  not  keep  as  well  as  geniune  butter,  and,  owing 
to  the  large  amount  of  air  incorporated  with  it,  it  is  prone  to  acquire 
a  "  fishy  "  taste. 

The  production  of  renovated  butter  must  be  carried  out  with 

'  Jfmrn.  Amur.  Cham.  Soc,  1903,  358.  ^  Ibid.,  1900,  150. 

•'  Cp.  Bomur,  Zdls.  f.  Unlers.  il.  Nahrga-  u.  Oenussm.,  1908  (xvi. ),  27.  Finuke, 
ibid.,  1908  (xvi.),  670,  goes  even  so  far  as  to  state  tliat  normal  licichcrt-Mcisd  value, 
normal  titration  nuniliors  of  the  iiisolul)le  volatile  lU'ids,  anil  normal  saponilicatioii  value 
only  spcali  in  fnvonr  of  the  genuiiieiiess  of  a  l)iitter  fat,  if  the  examination  under  the 
polarisation  microscope  has  proved  the  absenee  of  crystalline  glyceridos  from  the  molted 
state. 
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scrupulous  cleanliness  throughout.  The  renovated  butter  works  which 
the  author  saw  in  the  United  States  were  equipped  in  an  entirely 
unobjectionable  manner.  It  appears  that  the  production  of  renovated 
butter  is  being  adopted  in  Europe,  and  several  patents  for  "  renovat- 
ing "  have  been  taken  out  during  recent  years.^ 

Siberian  and  Danish  butters  in  particular  appear  to  be  used  in 
Germany  for  the  production  of  renovated  butter,  as  they  suffer  in 
transit  and  the  outer  portions  become  rancid.^  These  outer  rancid 
portions  are  scraped  off  and  sold  as  inferior  butter  ("  Kratzbutter/' 
"  Staff  or  treated  for  renovated  butter.  Butter  refined  in  Germany 
by  treating  a  rancid  butter  with  "  Neutroxyd  "  ^  must  be  considered  a 
"  renovated  "  butter. 

Renovated  butter  is  now  being  admixed  (fraudulently)  in  Germany 
with  fresh  butter.  The  detection  of  an  admixture  of  renovated  to 
fresh  butter  is  a  problem  which,  in  the  present  state  of  our  knowledge, 
cannot  be  solved  by  chemical  means. 

The  presence  of  curd  and  water  renders  butter  far  more  liable  to 
become  rancid  than  is  the  case  with  pure  butter  fat.  Hence  in  some 
countries,  as  in  South-West  Germany,  India  (known  as  "  Ghee  "  or 
"  Ghi  "),  Siberia  (for  export  to  Turkey) — in  Egypt  the  word  "  Samna  " 
denotes  the  same  fat — butter  is  melted  until  the  butter  fat  has  become 
quite  clear,  whereupon  the  latter  is  separated  from  the  cm-d  and  water. 
The  flavour  of  such  butter  ("  Schmelzbutter  ")  suffers,  however,  con- 
siderably. 

A  sample  of  native  butter  fat  (Samh)  from  Wilhebnstal,  German 
East  Africa,  on  examination  by  Thorns  *  showed  the  following  com- 
position : — 

Per  cent. 

Moisture  (water  content)       .         .         .  0-665 
Casein  and  milk  sugar  ....  1-929 
Mineral  parts     .....  0-01 
Fat  content       .....  97-396 

The  fat,  after  separation  from  the  albuminoids  had  the  following 
characteristics  : — 

Solidifying  point,  °  C  24 

Melting  point,  °  C  36-37 

Saponification  value     ....  224-13 
Iodine  value      .....  31-6 
Acid  value        .....  17-94 
Refractometer  value  at  40,  °  C.        .  .42 
Reichert-Meissl  value   .         .         .  .26-87 
Polenske  value  .....  2-24 

The  taste  was  extremely  rancid. 

1  Belgian  patent  172,592  ;  English  patent  28,374,  1904  ;  French  patent  355,362  ; 
English  patent  7500,  1907  ;  English  patent  28,024,  1907  ;  United  States  patent 
881,929  (W.  F.  Jensen) ;  French  patent  396,282  (M.  Monteran). 

'■2  Cp.  Goock,  Zeitschr.f.  iiffentl.  Chem.,  1908,  198. 

•'  This  consists  of  a  mixture  of  magnesium  carbonate  and  magnesium  silicate. 
Ghem.  Ecviie,  1914,  56. 
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If  the  temperature  employed  in  melting  the  butter  is  too  low,  the 
separation  of  the  water  and  casein  does  not  take  place  completely, 
and  hence  the  butter  is  liable  to  become  rancid.  On  the  other  hand, 
if  the  temperature  in  melting  be  too  high,  the  butter  fat  acquires  a 
tallowy  taste.-*- 

The  literature  dealing  with  the  rancidity  of  butter  is  a  very  volu- 
minous one,  but,  unfortunately,  a  number  of  writers  seem  to  have  con- 
founded butter  fat  with  butter.  The  conditions  influencing  the  liability 
of  butter  fat  to  become  rancid  have  been  fully  explained  in  Vol.  I. 
Chap.  I.  Although  the  determination  of  the  free  fatty  acids  in  butter 
fat  (acid  value  of  the  butter  fat)  is  of  little  use,  since  acidity  is  not 
cotermiaous  -with  rancidity,  it  is  stUl  the  practice  of  some  analysts  to 
determine  the  amount  of  free  fatty  acids  in  butter  fat  in  order  to  arrive 
at  a  "  measure  of  rancidity."  If  a  measure  of  the  amount  of  hydrolysis 
which  a  butter  fat  has  suffered  be  desired,  the  determination  of  the 
acetyl  value — indicating  in  this  case  the  amount  of  mono-  and  di- 
glycerides — will  afford  the  required  information.  Two  samples  of  rancid 
butter  fat  twenty-two  years  old  showed  on  examination  normal  figures 
for  the  iodine  value,  Reichert-Meissl  value,  and  insoluble  volatile  acids. 
Formic  acid  could  not  be  detected.^ 

The  conditions  favouring  the  rancidity  of  butter  fall  outside  the 
scope  of  this  work,  and  the  reader  must  therefore  be  referred  to  the 
origtaal  papers  given  in  the  footnote.^ 

The  paper  in  which  the  butter  is  wrapped  has  an  important  bearing 
on  the  keeping  qualities  of  butter.* 

On  exposure  to  light  butter  not  only  loses  its  yellow  colour  but 
also  acquires  a  tallowy  ("  lardy  ")  smell  and  taste. 


II.  Examination  of  the  Butter  Fat 
For  tables  of  characteristics  see  pp.  804-806. 

For  characteristics  of  the  milk  fats  from  other  animals  than  cows 
see  p.  807. 

Pure  butter  fat  consists  almost  exclusively  of  triglycerides  of  fatty 
acids.  Besides  triglycerides  it  contains  cholesterol  and  some  natural 
colouring  matters  (lactochromes).    The  total  amount  of  unsaponiflable 

'  Laxa,  MUchw.  Zenlr.,  1912,  673.  Cp.  also  Worrill,  Unituil  States  patent  1,045,926. 
^  Sebelien,  iMndio.  Ver.mchs.it.,  1913,  389. 

^  Schmidt,  Zeils.  f.  Ilyrjkne,,  u.  Infedi.omlcrankheilen,  1898,  163  ;  ILainis,  Xcils.  f. 
Unter.i.  d.  Nahrgs.-  n.  denu.t.im.,  1900,  32-1  ;  Hamis  am!  Stocky,  iliid.,  606;  Lyilia 
Kabinovvitscli,  Jahrhuch  d.  Chnm.,  1899,  ix.  237  ;  Cranipton,  Journ.  A  iiwr.  0/icin.  Soc, 
1902,  711  ;  Orla  Jensen,  Jahrhuck  d.  Chew..,  1902,  xii.  3(i3  ;  0.  Laxa,  Arch./.  J/i/i/iciic, 
1902,  119  ;  A.  Nestrelajew,  ZeU.i.  f.  Unlers.  d.  Nahrgs.- u.  OennssM.,  1911,  431  ;  M. 
Siegfold,  MUchvh  ZenlralbL,  1908,  530. 

Fcreiiczi,  Zeits.  f.  angew.  Chnm.,  1911,  2241  ;  Scliaclit,  Analyst,  1911,  597  ;  Burr, 
Wolir,  and  Berberich,  Zciis. /.  Unters.  d.  Nahrgs.-  u.  Oenussm.,  p.  200. 
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matter  is  less  than  a  half  per  cent  (0'35  per  cent^  Bonier  ;  0-31-0-41  per 
cent,  Lewkowitsch  ;  0-42  per  cent,  Klein  and  Kirsten  ;  ^  0-215-0-325  per 
cent,  Siegfeld).  Lecithin  has  been  stated  by  various  observers  to  occur 
in  butter  fat  to  the  extent  of  0-017  or  even  0-15  to  0-17  per  cent  (cal- 
culated from  phosphoric  acid).  Wrampelmeyer  ^  stated  0-007  to  0-033 
per  cent  of  lecithin.  JaecMe,  however,  showed  that  butter  fat  contains 
no  compound  of  phosphorus. 

The  following  acids  have  been  identified  hitherto  in  butter  fat : — 
acetic,^  butyric,  caproic,  caprylic,  capric,  lauric,  myrisfcic,  palmitic, 
stearic,  arachidic,  and  oleic.  Wachtel,  as  also  Bondzynshi  and  Rufi, 
stated  that  butter  fat  contains  hydroxylated  acids,  and  on  the  strength 
of  their  results,  obtained  by  the  application  of  faulty  methods,  Browne  * 
has  even  gone  so  far  as  to  calculate  the  percentage  of  hydroxylated 
acids.  Experiment's  made  by  the  author  prove,  however,  that  butter 
fat  contains  practically  no  hydroxylated  acids,  the  low  acetyl  values 
found  being  due  to  the  presence  of  small  quantities  of  mono-  and  di- 
glycerides. 

The  extraordinarily  high  percentage  of  glycerides  of  soluble  fatty 
acids  in  butter  fat  is  characteristic,  and  differentiates  it  from  all  other 
fats.^  Especially  characteristic  of  butter  fat  is  the  presence  of  butyric 
acid  (which  is  absent  from  cocoa  nut  and  palm  nut  oil). 

The  quantity  of  stearic  acid  obtained  by  the  method  described  in 
Vol.  I.  Chap.  VIII.  is  very  small.  In  an  analysis  carried  out  in  the 
author's  laboratory  with  a  sample  of  butter  fat  of  the  Reichert-Meissl 

1  Zeits.f.  Unters.  d.  Nahrgs.-  u.  Genussm.,  1903,  147. 
Landv).  Versuchssl.,  1903,  437. 

=•  Cp.  E.  Wein,  Inaug.  Dissert.,  Erlangen,  1876.  The  statement,  however,  requires 
confirmation.  Wein  claims  also  to  have  detected  the  presence  of  formic  acid  in  fi-esh 
butter  fat. 

*  Journ.  Amer.  diem.  Soc,  1899,  613. 

5  Buttenberg  {Zeits.f.  Unters.  d.  Nahrgs.  -  u.  Oenussm.,  1908,  335)  describes  a  peculiar 
veo-etable  oil,  said  to  be  obtained  from  a  Chinese  seed,  which  has  a  remarkably  high 
Rdahert-Meissl  value,  viz.  34-85.  The  examination  of  this  oil,  which  Buttenberg 
obtained  from  Holland  under  the  name  "Butter  Oil"  (!),  had  the  followmg  char- 
acteristics : — 

Saponification  value     .....  234-7 
Eeichert-Meissl  value     .....  34-85 
Titration  number  of  the  insoluble  volatile  acids     .  0-55 
Iodine  value  ^^'^ 
Unsaponlliable  matter  0-38  per  cent. 

Melting  point  of  the  eighth  crop  of  crystals  from  unsapouifiable  matter,  179-6-180-6°  C. 

Melting  point  of  the  alcohol  recovered  from  the  acetate,  163-7-166-2  C. 

The  "  alcohol  "  melted  after  recrystallisation  from  ethyl  alcohol  at  177-3  to  1/8  d 
C    and  showed  under  the  microscope  the  characteristic  crystal  form  of  phytosterol. 

"  The  oil  did  not  give  the  Halphen  reaction  (for  cotton  seed  oil),  but  gave  positive 
colour  reaction  for  sesame  oil,  although  only  faintly.  o.tifipinllv 

These  numbers  suggested  to  me  the  conjecture  that  this  new  oil  is  an  artiflcwUy 
prepared  mix  ure  of^vegetable  oils  (containing  sesame  oil)  with  bntyrin  or  caprom, 
de  iS  to  serve  as  a  butter  adulterant.  Buttenberg,  however  (in  a  private  conimun  - 
So  me),  declared  that  there  was  no  reason  to  doubt  that  the  new  ml  a  -  - 
one  The  presence  of  bntyrin  or  caproiu  can  be  easily  ascertamed  ;  the  melting  poi  t 
"rthe  ''alcohol'  and  its  "acetate"  in  the  unsapouifiable  matter  appear,  howevei, 

^'"'Afoil  remarkable  for  a  still  higher  Reichert-Meissl  ya\^e-viz.  35 -31-18  spindle-tree 
oil  from  the  seeds  of  Evonymus  europaea,  L.,  p.  226. 
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value  28-1  the  amount  of  stearic  acid  found  in  the  insoluble  fatty- 
acids  was  only  049  per  cent  (see  Vol.  I.  Chap.  XII.).  The  presence 
of  less  saturated  acids  than  oleic  acid  in  a  normal  butter  has  not  yet 
been  proved  beyond  doubt.  Farnsteiner  has  shown  that,  in  the  butter 
from  a  cow  fed  on  cotton  meal^  traces  of  linolenic  acids  were  ascer- 
tainable. Partheil  and  Ferie  stated  that  less  saturated  acids  than 
oleic  occur  in  butter  fat  to  a  somewhat  considerable  extent ;  but,  as 
the  method  by  which  their  presence  was  determined  is  not  free  from 
serious  objections  (Vol.  I.  Chap.  VIII.),  their  statement  must  be 
accepted  with  reserve. 

According  to  Duclaux^  butter  fat  contains  from  2  to  2-26  per  cent 
of  caproic,  and  from  3-38  to  3-65  per  cent  of  butyric  acid.  From  this 
he  (somewhat  arbitrarily)  assumes  the  proportion  in  which  butyric 
acid  stands  to  caproic  in  butter  fat  to  be  1  :  1-64:5. 

On  this  basis  Violelte  ^  calculated  severally  the  proportions  of 
butyric,  caproic,  solid  volatile,  and  insoluble  fatty  acids  by  proceeding 
in  the  following  manner : — 50  grms.  of  butter  fat  are  saponified  and 
the  volatile  acids  separated,  as  in  Reicherfs  distillation  process.  The 
solid,  volatile  acids  are  separated  by  filtration,  and  their  quantity 
determined  after  drying ;  ^  the  amount  of  the  insoluble  fatty  acids  is 
arrived  at  in  the  same  way.  The  total  quantity  of  the  soluble  acids 
is  ascertained  by  titration  with  decinormal  alkali,  and  calculated  to 
butyric  acid.  If  A  represent  this  quantity,  then  the  quantities  of 
butyric  and  caproic  acids,  B  and  C,  can  be  calculated  on  the  above- 
stated  assumption  with  the  help  of  the  following  equations  : — 

B=Ax  0-68469 
C=Ax  0-41565 

p  being=  1-645. 


1  CompL  rend.,  1886  (102),  1022.  ^  joum.  Soc.  Ghem.  Ind.,  1890,  1157. 

^  With  regard  to  errors  caused  by  this  procedure  cp.  Vol.  1.  Chap.  VIII. 
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In  the  following  table  VioleUe's  results  are  reproduced  : — 


ratty  Acids. 

Superior  Qunli 
Butter. 

tie.s  of 

I 

iiferior  Qualities  of  Butter. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

ceil  t. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

Butyric  acid . 

6-07 

5-33 

5-50 

5-05 

4-62 

4-80 

4-76 

4-37 

Caproic  acid  . 

3-66 

3-23 

3-34 

3-06 

2-80 

2-92 

2-89 

2-65 

Solid  volatile  acids 

2-85 

3-00 

2-80 

3-00 

2-90 

2-40 

3-00 

2-95 

Non- volatile  acids  . 

82-28 

82-63 

82-87 

83-20 

84-32 

84-31 

83-83 

84-62 

Total 

94-76 

94-19 

94-41 

94-31 

94-64 

94-43 

94-48 

94-59 

By  ascertaining  finally  tJie  mean  molecular  weights  of  the  solid 
volatile  and  of  the  non-volatile  acids,  Violetle  obtained  all  the  data 
necessary  for  calculating  the  composition  of  the  butter  fats.  This  is 
given  in  the  following  table  : — 


Glycerides. 

Superior  Qualities  of 
Butter. 

Inferior  Qualities  of  Butter. 

I. 

11. 

III. 

IV. 

V. 

VI. 

vri. 

VIII. 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

Butyrin 

6-94 

6-09 

6-28 

5-76 

5-28 

5-49 

5-45 

5-00 

Caproin    '  . 

4-06 

3-58 

3-70 

3-39 

3-09 

3-23 

3-10 

2-94 

Glycerides  of  solid  vola- 

tile acids  . 

3-06 

3-22 

2-96 

3-16 

3-06 

2-53 

3-16 

3-15 

Glycerides  of  uon-vola- 

tile  acids  . 

85-98 

86-62 

86-60 

86-93 

88-10 

88-10 

87-60 

88-42 

Difference  . 

0-04 

0-49 

0-46 

0-76 

0-47 

0-65 

0-69 

0-49 

100 

100 

100 

100 

100 

100 

100 

100 

Subjoined  is  a  table  showing  the  composition  of  butter  fat,  calcu- 
lated by  the  author  from  the  data  given  by  the  observers  named :— 


Glycerides. 

J.  Bell. 

W.  Blyth. 

Spallanzani.i 

1  Butyrin 
Caproin 

Oaprylin  and  capria  . 
01ein_.       .  . 
Pabnitin,  stearin,  etc.  . 

Per  cent. 
7-012 

j  2-280 

37-730 
52-978 

Per  cent. 
7-7 

0-1 

42-2 
50-0 

Per  cent. 
5-080 
r      1  -020 
\  0-307 

1  93-593 

100 

100 

100 

1  Le  Staz.  Sperim.  Ilal.  (1890),  23,  417. 
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How  the  theoretical  composition  of  a  butter  fat  may  be  calcu- 
lated from  the  numbers  obtained  on  examining  it  by  the  quantitative 
tests,  has  been  shown  above  (Vol.  I.  Chap.  XL).  In  the  example 
given  there  the  volatile  fatty  acids  were  found  by  difference  ;  the 
volatile  acids  may  be  further  resolved  into  soluble  volatile  and  in- 
soluble volatile  acids  {Violelle's  solid  volatile  acids;  cp.  Muntz  and 
Cotiden's  as  also  PolensJce's  methods,  p.  839).  The  calculated  mean 
molecular  weight  of  the  mixed  volatile  acids  was  114.  In  the  example, 
given  Chap.  XII.,  stearic  acid  was  determined  direct ;  the  sum  of  all 
other  saturated  fatty  acids  was  obtained  by  difference.-'- 

Muntz  and  Coudon  ^  gave  as  the  total  amount  of  soluble  volatile  acids, 
expressed  as  butyric  acid,  the  following  percentages  : — 


Rich  butter 
Medium  butter  . 
Poor  butter 
Very  poor  butter 
Exceptionally  poor  butter 


6-50  per  cent 


5-50 
5-25 
5-00 
4-90 


It  should  be  noted  that  the  quality  of  the  butter  is  judged  here  by 
the  percentage  of  soluble  volatile  acids  ;  this  factor  would  not  be 
recognised  in  commerce  as  the  guiding  principle,  since  the  flavour  and 
taste  of  a  butter,  and  hence  its  commercial  value,  do  not  depend  ex- 
clusively on  the  larger  or  smaller  amount  of  soluble  volatile  acids, 
which  only  chemical  analysis  reveals.  The  amount  of  insoluble  volatile 
acids,  also  expressed  in  terms  of  butyric  acid,  was  found  by  Muntz 
and  Coudon  in  two  butters  to  lie  between  1-74  per  cent  and  1-96  per 
cent. 

Muntz  and  Coudon  give  for  the  relation  (see  p.  832) — 

Insoluble  volatile  acids      -,rsr\     ,^  -i       tooj    ^i.        •  •  ™ 

SdubleVolatUVacids^  ^       '         mean  number  12-04:,  the  mmimum 

being  9-1  and  the  maximum  15-6  (cp.  also  below,  p.  836). 

From  the  foregoing  numbers  it  will  be  gathered  that  butter  fat  is 
distinguished  from  all  other  fats  by  its  high  proportion  of  butyric  acid. 

The  mean  molecular  weights  of  the  soluble  volatile  acids  of  butter 
fats,  having  the  Reichert-Meissl  values  26-3-27-5,  were  stated  by 
(Juckenack  and  Pasternach^  to  be  95-1-98-3.  W.  Arnold^  gives  98 
as  an  average  ;  Siegfeld  98-4-103.  These  figures  refer  to  the  volatile 
acids  as  obtained  in  the  110  c.c.  distillate  from  5  grms.  of  butter  fat 
in  the  Reichert-Meissl  {Reichert-Wollny)  test.  The  number  98  proves 
clearly  that  besides  butyric  acid  some  higher  volatile  acid  or  acids  are 
dissolved  in  the  aqueous  solution  of  the  volatile  acids. 

The  mean  molecular  weight  of  the  insoluble  volatile  acids  has  been 
given  by  Siegfeld  as  lying  between  177  and  207  ;  but,  as  he  himself 
points  out,  the  method  by  which  these  mean  molecular  weights  have 

'  Cp.  also  Fluischniiuin  ami  Wariiibolrl,  Zcits.  f.  BioUnjie  (1907),  4,  STf).  Siegfeld, 
Milchw.  Zentralhl.,  1907,  288  ;  Chcm.  Zcil..  1908,  .'iO:'). 

*  A7maks  de  I' InHiliU  National  A (/romnihif/uc,  I'liris,  1904. 

Zeiln./.  Unters.  il.  Nahrgs.-  u.  Geiiussm,,  190'1,  1204. 
-'  fbid.,  1905,  841. 
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been  determined  is  so  inaccurate  that  no  reliance  can  be  placed  on 
those  figures. 

The  mean  molecular  weights  of  the  insoluble  acids  fluctuate  be- 
tween 258  and  266,  the  lowest  number  being,  of  course,  due  to  a  fat 
having  the  highest  Reichert  value  and  the  highest  being  due  to  a  fat 
having  the  lowest  Reichert  value.  It  may,  however,  be  pointed  out 
already  here  that  the  conclusions  which  various  observers  have  attempted 
to  draw  from  the  mean  molecular  weight  of  the  insoluble  fatty  acids 
as  to  the  composition  of  the  (nearly)  94  per  cent  of  insoluble  fatty 
acids  are  hardly  valid.  For  any  number  of  mixtures  of  fatty  acids 
from  lauric  upwards  to  arachidic  can  be  present  in  butter  fat,  all 
having  mean  molecular  weights  from  258  to  262.^  An  investigation 
which  the  author  has  imdertaken  shows  that  some  butters  are  richer 
in  arachidic  acid  than  others,  which,  on  the  other  hand,  seem  to  contain 
larger  amounts  of  mjrristic  acid.  It  is  to  be  hoped  that  a  closer  study  of 
the  insoluble  acids  will  lead  to  a  more  intimate  knowledge  of  the  com- 
position of  butter  fat,  and  will  incidentally  furnish  analytical  means  to 
reveal  adulterations  of  butter,  which  hitherto  escape  detection.  For 
most  of  the  usual  methods  in  vogue  deal  with  the  volatile  acids  only, 
without  taking  any  detailed  notice  of  the  composition  of  the  insoluble 
acids.  The  lithium-salt  method  of  Partheil  and  Ferie,  which  was  stated 
to  be  capable  of  resolving  the  insoluble  fatty  acids  into  their  several 
components,  viz.  lauiic,  myiistic,  palmitic,  and  stearic  acids,  has  been 
shown  to  be  unreliable  (Vol.  I.  Chap.  VIII.).  Hence  the  detailed 
analysis  of  a  butter  by  those  chemists  given  in  the  third  English  edition 
of  this  work  is  not  reproduced  here. 

On  reducing  a  butter  fat  of  the  iodine  value  37  with  colloidal 
palladium,  Vol.  I.  p.  59,  Paal  and  Roth  ^  obtained  a  hard  white  fat 
softening  at  36°  C.  and  melting  at  44°  C.  The  iodine  value  was  nil. 
The  fat  had  a  pleasant  nutty  taste  somewhat  resembling  cacao  butter. 

On  treating  butter  fat  with  95  per  cent  alcohol  in  the  same  manner 
as  described  under  "  Lard  "  (p.  700)  glycerides  richer  in  olein  pass 
into  the  alcoholic  solution.  The  characteristics  (1)  of  the  original 
fat,  (2)  of  the  alcohol-soluble  portion,  (3)  of  the  alcohol-insoluble 
portion  are  collated  in  the  following  table  (Arnold  ^)  : — 


1  Vol.  I.  Chap.  VIII.  -  Derichie,  1909,  1551. 

Zeits.  f.  Unters.  d.  Nahrgs.-  u.  Oenussm.,  1907,  xiv.  194  ;  cp.  ibid.,  1908,  xvi.  666. 
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1    Orio^inal  fat 

437 

223-5 

'25-0 

101-4 

2-1 

42-6 

32-4 

214-5 

45-7 

2.  Alcohol- 

soluble  fat  . 

40-1 

229-9 

36-1 

100-1 

2-70 

45-0 

34-0 

124-0 

50-2 

36  09 

3.  Alcohol- 

insoluble  fat 

44-3 

220-1 

21-2 

103-1 

1-75 

41-2 

32-0 

214-0 

43-0 

.  It  appears  very  likely  that  the  bulk  of  the  triglycerides  in  butter 
fat  are  "  mixed "  glycerides.  The  opiaion  that  mixed  glycerides 
occur  ia  butter  fat  was  first  pronounced  (before  oleo-distearin  was 
isolated)  by  J.  Bell^  on  the  strength  of  experiments  made  by  G.  Lewin 
m  the  Government  Laboratory.  Bell  stated  that  a  mixed  glyceride 
of  the  following  composition  occurs  in  butter  fat : — - 


'O.CH^O 


\O.C1gH33O. 

The  foUowing  facts  support  this  opinion  :  If  ordinary  animal  fat 
is  melted  and  mixed  with — say  10  per  cent  of — butyrki,  the  latter 
may  be  entirely  removed  by  digestion  with  alcohol,^  the  animal  fat 
being  recovered  practically  in  its  original  condition.  If;  however^ 
butter  fat  is  treated  with  hot  alcohol,  from  2  to  5  per  cent  only  of  its 
weight  remains  dissolved  in  the  alcohol  after  cooling  to  the  ordinary 
temperature.  The  fat  thus  dissolved  does  not  consist  of  butyrin  or 
caproin,  but  of  a  glyceride  which  is  liquid  at  15-5°  and  yields  on 
saponification  from  13  to  14  per  cent  of  soluble  fatty  acids,  and  from 
79  to  80  per  cent  of  insoluble  fatty  acids.  The  latter  have  a  higher 
melting  point  than  the  mixed  insoluble  acids  obtained  from  the  orginal 
butter  fat ;  this  tends  to  disprove  the  opinion  that  the  low  melting 
point  of  the  extracted  fat  might  be  due  to  an  increased  proportion  of 
oleic  acid  in  the  molecule.  These  results  agree  closely  with  a  compound 
of  the  above  given  formula,  which  Bell  named  oleo-palmito-butyrate 
of  glycerol. 

A.  W.  Blyth  and  Robertson  ^  stated  that  they  isolated  from  butter 
fat  a  crystalline  glyceride,  to  which  they  ascribe  the  formula 

'  The  Chemistry  of  Foods,  ii.  44. 
"  Cp.  Fincke,  Zeits.  f.  Unlets,  d.  Nahrgs.-  ti,  Oennssm.,  1908,  .xvi.  673. 
■'  Proceed.  Chem.  Sac.,  1889,  5. 
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but  no  great  weight  should  be  attached  to  this  preliminary  communi- 
cation, which  has  not  been  followed  up  by  detailed  researches. 

Further  experiments  are  required  to  resolve  the  apparently  very 
complex  mixture  of  glj'^cerides  in  butter  fat  into  its  component  parts. 
In  the  present  state  of  our  knowledge  the  method  of  fractional  crystal- 
lisation from  solvents  (cp.  Vol.  I.  Chap.  XII.)  ofiers  the  best  hope  of 
success. 

Caldwell  and  Hwiley  ^  attempted  to  separate  the  glycerides  by 
fractional  distillation  in  vacuo :  the  following  Reichert-Meissl  values 
were  obtained  : — 


Butter. 

Butter. 

Butter. 

I. 

II. 

m. 

Distillate 

Residue 

Distillate 

Residue 

Distillate 

Residue 

R.-M. 

R,-M. 

R.-M. 

tt.-M. 

R.-M. 

Iodine 

K.-M. 

iomne 

Value. 

Value. 

Value. 

Value. 

Value. 

Value. 

Value. 

Value. 

Up  to  250°  C.  . 

48-0 

30-7 

50-9 

8-4 

57-6 

19-7 

Distillate  redis- 

78-0 

45-8 

tilled  . 

73-6 

28-9 

67-1 

24-9 

In  order  to  prepare  butter  fat  for  the  subsequent  examinations, 
the  sample  of  butter  is  melted  in  a  porcelain  dish  at  a  temperature  of 
about  50°  C,  until  the  upper  layer  has  become  perfectly  clear.  The 
supernatant  fat  is  then  decanted  through  a  filter  in  the  water  oven. 

It  has  been  pointed  out  already  that  the  adulteration  of  butter  is 
at  present  practically  confined  to  the  admixture  of  foreign  fats  with 
butter  fat,  since  added  substances  of  a  non-fatty  nature  are  easUy 
detected. 

In  view  of  the  fact  that  so  many  new  methods  for  testmg  butter 
fat  are  being  recommended,  it  should  be  emphasised  that  many  chemists 
who  publish  new  methods  seem  to  overlook  entirely  the  fact  that  there 
is  not  the  sKghtest  difficulty  in  distinguishing  pui-e  butter  from 
margarine,  or  indeed  from  any  other  fat.^ 

Before  the  methods  of  fat  analysis  had  reached  the  present  state 
of  completeness,  margarine  was  very  frequently  sold— and  is  being  sold 
to-day — fraudulently  as  butter.  . 

At  present  butter  adulteration  is  practised  on  a  most  extensive  scale 
by  the  admixture,  in  comparatively  small  proportions  to  the  total  fat, 
of  foreign  vegetable  and  animal  fats,  such  as  lard  (goose  fat),  cotton 
seed  stearine,  cocoa  nut  oil,  palm  nut  oil,  and  chiefly  margarme  (  oleo- 
margarine ").  The  last  named  fatty  compound  will  be  cons.dei'ed 
more  fully  under  the  heading  of  "  Butter  substitutes    m  Chapter  XV. 

Eecently  there  has  been  sold  for  the  purposes  of  butter  adultera- 
tion, especially  in  Germany,  a  mixed  fat  consisting  of  butter  fat,  oleo- 

1  Journ.  Chem.  Soc,  1909,  856.  '  Cp.  however,  footnote,  p.  802. 
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mar»arine,  cocoa  nut  oil;  and  cotton  seed  oil.  As  large  a  quantity  as 
30  per  cent  of  this  mixture  can  be  added  to  certain  butters  without 
being  detected  by  the  so-called  "  rapid  methods  "  (refractive  index, 
Reichert-3Ieissl  value,  insoluble  volatile  acid  number,  saponification 
value,  iodine  value,  etc.).  Since,  however,  the  detection  of  vegetable 
oils,  even  down  to  5  per  cent  or  3  per  cent,  has  become  comparatively 
easy  (see  below),  the  adulterators  have  substituted  for  the  above- 
mentioned  mixtiu'e  oleomargarine  or  lard,  or  mixtures  of  both,  churned 
up  with  water,  without  addition  of  a  colouring  matter  —  in  short,  a 
margarine  consisting  of  animal  fats  only. 

I  append  a  few  analyses  of  such  butter  adulterants  : — 


I. 

II. 

III. 

Reichert-Meissl  value  .... 

6-79 

0-3 

0-2 

Titratiou  number  of  insoluble  volatile 

acids  ...... 

10-53 

Butyro-refractometer  at  4:5°C.  "  Degrees  " 

42-17 

46-1 

Iodine  value 

23-49 

Saponification  value  .... 

197-3 

197-0 

Butter  adulteration  is  practised  on  such  extensive  lines  that  legis- 
lation ^  has  stepped  in  to  protect  the  genuine  article.  In  this  country 
no  butter-substitute,  however  small  the  proportion  of  foreign  fat, 
may  be  sold  without  a  distinct  declaration  as  to  its  true  nature. 

The  French  "  Margarine  Law  "  of  the  17th  April  1897  prohibits 
the  sale,  etc.,  under  the  name  of  "  butter  "  of  any  substances  not  made 
exclusively  from  milk  or  cream.  The  regulations  under  the  Act  of 
1897  have  been  amended  by  the  "  Adulteration  Law  "  of  the  1st 
August  1905,  which  imposes  severe  penalties  for  (amongst  other  frauds) 
attempting  to  falsify  the  analytical  procedures. 

The  latest  "  Margarine  Law  "  in  Germany,  1897,  as  also  in  Austria, 
1901,  enacts  that  a  manufacturer  of  margarine  is  bound  to  admix  with 
the  oils  and  fats  employed  10  per  cent  of  sesame  oil,  for  the  sake  of 
"  ear-marking  "  such  butter,  as  the  recognition  of  sesame  oil  is  easy 
by  means  of  the  Baudouin  test.  This  Act  has,  however,  not  been  able 
to  prevent  the  continuation  of  adulteration,  since  the  importation  of 
foreign  made  margarine,  in  the  preparation  of  which  no  sesame  oil  has 
been  used,  cannot  be  prevented. 

The  Belgian  law  demands  the  addition  of  5  per  cent  of  sesame  oil 
and  0-2  per  cent  of  dry  potato  starch  (reckoned  on  the  fatty  matter 
in  the  margarine).    It  also  forbids  the  sale  of  "  abnormal "  butter. ^ 

'  '  A.  Lavallo,  Di,e  Afo.rf/arinc  O'eselzgcbung,  Bremen,  1896. — Report  of  the  Dcparl- 
mnnt.al  CommUtee  nil  BtiU.er,  LoikIoii,  1904. 

^  Tlie  law  defined  a.s  "abnormal"  a  butter,  the  fat  of  wliicli  showed  at  least  two  of 
the  following  characteristics  : — Scale  divisions  in  the  butyro-refiJietonietcr  (.at  40")  liigher 
than  41  "degrees"  ;  critical  temperature  of  dissolution  witli  alcohol  of  99-1  per  cent,  a 
number  exceeding  ,59°  C.  ;  specific  gravity  at  100"  C,  below  O'SGl  ;  Reichert-Meissl 
value,  below  2fi  ;  percentage  of  in.soluble  fatty  acids,  above  89-5  ;  and  saponilication 
value,  below  -221. 
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The  defmition  of  the  latter  has  been  made  still  more  strict  in  the  Belgian 
"  Margarine  Law  "  of  1903,  amended  the  21st  November  1904. 

The  new  law  defines  a  butter  as  abnormal  in  composition  if  its 
ReicJiert-Meissl  value  falls  below  28,  and  if,  in  addition,  it  has  one  of 
the  following  characteristics  :  Butyro-refractometer,  at  40°  C,  above 
44  scale  divisions  ("  degrees  ")  ;  a  critical  temperature  of  dissolution 
(in  alcohol  of  91-1°,  Gay  Lussac)  above  57°  C.  ;  specific  gravity  at 
100°  C,  below  0-865  (it  should  be  noted  here  that,  curiously  enough, 
the  law  omits  to  state  to  what  temperature  of  water  the  specific  gravity 
refers  ;  rmdoubtedly  the  specific  gravity  of  water  refers  to  15°  C.)  ; 
the  percentage  of  "  insoluble  and  solid  fatty  acids  "  above  88-5  pei 
cent  (by  Hehner's  method  ^)  ;  a  saponification  value  below  222. 

According  to  the  latest  "  Adulteration  Laws  "  of  the  United  States 
butter  must  contain  82-5  per  cent  of  butter  fat  and  a  small  proportion 
of  other  milk  constituents,  and  may  be  made  with  or  without  common 
salt,  and  with  or  without  coloui'ing  matter.  According  to  the  Act 
of  9th  May  1902  adulterated  butter  is  defined  as  "  a  grade  of  butter 
produced  by  mixing,  re-worlring,  re-churning,  in  milk  or  cream,  re- 
fining, or  in  any  way  producing  a  uniform,  purified,  or  improved  product 
from  different  lots  or  parcels  of  melted  or  unmelted  butter  or  butter 
fat,  in  which  any  acid,  alkali,  chemical,  or  any  substance  whatever 
is  introduced  or  used  for  the  purpose  or  with  the  effect  of  deodorising 
or  removing  therefrom  rancidity  or  any  butter  or  butter  fat  with 
which  there  is  mixed  any  substance  foreign  to  butter,  with  intent  or 
effect  of  cheapening  in  cost  the  product  of  any  butter  in  the  manu- 
facture or  manipulation  of  which  any  process  or  material  is  used  with 
intent  or  effect  of  causing  the  absorption  of  abnormal  quantities  of 
water,  milk,  or  cream." 

An  Act  of  Congress  of  the  1st  July  1902  gives  as  one  of  the  chemical 
standards  for  butter  fat  a  Reichert-Meissl  number  not  less  than  24, 
and  a  specific  gravity  of  not  less  than  0-905  at  40°  C.  (water  at  40° 
C.  =  1).  It  should,  however,  be  mentioned  here  that  there  are  separate 
Food  Laws  in  the  various  States  of  North  America  which  are  not  in 
conformity  with  this  Act  of  Congress. 

The  Netherlands  "  Margarine  Act "  of  1900  defines  butter  as  an 
article  of  no  fat  constituents  other  than  those  derived  from  milk.  As 
this  law  has  not  been  able  to  prevent  adulteration,  a  number  of  farmers 
and  dairy  owners  have  privately  combined  to  guarantee  their  butter 
as  pure,  and  placed  themselves  under  the  supervision  of  "  Control 
Stations'."  The  Netherlands  Government  granted  an  official  mark  of 
o-uarantee  in  1904  to  seven  Control  Stations.  Such  butter  is  sold  under 
the  name  "  Dutch  Control  Butter."  An  Act,  dated  17th  June  1905, 
authorises  the  use  of  an  official  control  mark  which  is  issued  by  the 
Department  of  Agriculture. 

The  Dutch  "Margarine  Act"  has  been  supplemented  by  the 
"  Butter  Act  "  of  the  13th  August  1908.2 

The  Danish  "Margarine  Law"  of  22nd  March  1897  punishes 

1  This  includes,  of  course,  the  misaponlflable  matter. 
'■^  Zeits.f.  Unters.  d.  Nahrgs.-  u.  Oenussm.,  1909,  xvii.  92. 
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adulteration  of  butter  by  imprisonment.^  The  supervision  in  Den- 
mark has  been  so  efficient  that  no  adulterated  butter  has  been  exported 
from  that  country  during  recent  years.  Considerable  quantities  of 
butter  from  Sweden^  Norway,  and  Finland  having  been  shipped  to 
Denmark  and  sold  as  Danish  butter,  an  Act  of  the  26th  March  1906 
deals  with  the  marldng  of  imported  butter,  and  the  adoption  of  the 
official  mark  for  butter  manufactured  in  Denmark  from  pasteurised 
cream.  The  importation  and  sale,  etc.,  of  foreign  butter  bearing  any 
mark  which  might  be  mistaken  for  the  official  one  has  been  prohibited. 

The  Swedish  "  Margarme  Law,"  1905,  prescribes  the  addition  of 
10  per  cent  of  sesame  oil  to  margarine  fats.  It  enacts  that  persons 
who  produce  butter  are  not  allowed  to  manufacture  margarine  on  the 
same  premises. 

The  Norwegian  "  Margarine  Law  "  of  1902  enforces  the  control 
of  butter  manufacture  by  police  and  Government  dairy  inspectors, 
who  have  access  to  every  creamery,  dairy,  or  factory,  and  have  the 
right  to  take  samples  for  examination.  Similarly,  the  imports  and 
exports  of  butter  are  controlled  by  the  Customs. 

The  Italian  "  Margarine  Law  "  of  1894  defines  butter  as  genuine 
(unless  there  are  indications  to  the  contrary)  when  its  Reichert-Wollny 
number  is  not  below  26  ;  if  the  number  be  20  the  butter  is  considered  as 
adulterated,  and  when  it  lies  between  20  and  25  as  suspicious.  Further- 
more, butter  is  considered  as  adulterated  when  it  indicates  in  the 
butyro-refractometer  at  35°  C.  more  than  48  scale  divisions  ("  degrees  "), 
or  when  its  specific  gravity  is  below  0-865  at  100°  (water  at  15°  =  1). 

The  Siberian  butter  manufacturers  petitioned  the  Government  to 
prevent  the  importation  of  cocoa  nut  oil  into  the  butter  producing  areas, 
as  it  was  suspected  that  some  proportion  of  the  large  amount  imported 
was  being  used  for  the  adulteration  of  butter. 

The  difficulties  that  were  encountered  formerly  in  the  detection  of 
foreign  fats  in  butter  have  been  removed  to  a  considerable  extent  by 
the  modern  methods  of  fat  analysis.  But  the  adulterator  has  kept  pace 
with  the  progress  of  fat  analysis,  and  has  succeeded,  with  very  great 
ingenuity,  in  preparing  mixtures  that  can  only  be  detected  by  a  com- 
bination of  several  methods.  Hence,  judiciously  prepared  mixtures 
of  margarine  and  cocoa  nut  oil  which  formerly  could  not  be  recognised 
by  the  saponification  value  and  the  percentage  of  insohible  fatty 
acids  alone,  are  no  longer  admixed  in  considerable  quantities  with 
butter,  since  the  application  of  the  Reichert-Meissl  {ReicheH-Wollny) 
method  immediately  discloses  tlie  fraud.  Yet  such  mixtures  are  still 
being  used  extensively  in  small  quantities,  as  even  the  Reichert-Meissl 
test  breaks  down  when  only  10  per  cent  of  margarine  are  admixed 
with  butter.  As  the  Reichert  value  is  a  measure  of  the  amount  of 
volatile  fatty  acids,  the  author  in  the  first  edition  of  this  work  ex- 
pressed the  fear  that  the  artificial  butter  industry  might  succeed  in 
providing  means  to  prepare  butter-substitutes  having  a  correct  ReicheH 
value.  This  fear  has  heen  realised,  for  butyric  acid,  tributyrin,  and 
'  More  rigorous  still  is  the  punishment  for  adulterating  butter  in  Russia. 
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also  amyl  acetate  are  being  sold  (in  40  per  cent  alcoholic  solution) 
for  tliat  purpose,  and  even  patents  have  been  taken  out/  for  the  addi- 
tion of  volatile  fatty  acids  to  butter  fat  as  also  to  margarine. ^  Such 
margarine  will  most  likely  find  its  way  into  butter,  as  its  chemical 
characteristics  only  too  plainly  suggest  fraudulent  application,  for  the 
volatile  acids  may  not  only  be  used  to  improve  the  taste  of  the  fatty 
material,  as  the  patentees  claim,  but  also  to  mislead  the  analytical 
chemist  (cp.  "  Margarine,"  Chap.  XV.). 

Not  only  does  the  adulterator  keep  pace  with  the  progress  of  chemical 
analysis,  but  he  even  adapts  himself  with  great  ingenuity  to  the  methods 
to  which  the  analysts  in  the  different  countries  resort,  and  in  particular 
makes  excellent  use  of  the  limitations  which  analysts  impose  upon 
themselves  (or  have  imposed  on  them  by  their  authorities  on  account 
of  the  costs  of  an  analysis)  by  employing  "  rapid"  methods.^  To 
give  an  example,  the  application  of  the  refractometric  method  has 
been  of  very  great  value  in  the  rapid  analysis  of  butter  fats,  especially 
for  purposes  of  market  control  (see  below).  The  adulterator  has, 
however,  been  able  to  adapt  himself  also  to  this  test,  as  he  will  always 
adapt  himself  to  the  analyst  he  has  to  meet.  Moreover  the  difficulties 
of  the  analytical  chemist  have  been  enhanced  lately  by  the  employ- 
ment of  cocoa  nut  oil  in  the  adulteration  of  butter.  Unfortunately, 
the  practices  of  the  adulterator  are  assisted  to  a  very  considerable 
extent  by  the  natural  vagaries  in  the  composition  of  butter  fat,  since 
its  chemical  composition  depends  to  a  great  extent  on  the  breed  (race) 
of  the  cow,  the  mean  temperature  of  the  country  where  the  butter  is 
produced,  the  stabUng,  i.e.  the  climatic  influence  to  which  the  cows 
are  exposed,  further,  on  the  nature  and  quantity  of  the  food  supplied, 
the  period  of  lactation,  and  the  idiosyncrasy  of  the  individual  cow. 
Notwithstanding  the  enormous  amount  of  investigations  that  have 
been  carried  out  in  different  countries,  we  are  still  unable  to  define 
the  variations  within  which  genuine  butter  fat  may  fluctuate.  Some 
investigators  followed  the  changes  in  the  composition  of  butter  fat 
obtained  from  a  considerable  number  of  cows,  so  as  to  elimmate  the 
influence  of  one  individual  cow,  whereas  others  {Klein  and  Kirsten) 
are  of  the  opinion  that  only  two  factors,  namely,  food  and  progress  of 
lactation,  are  of  importance,  the  other  factors  exercismg  a  mmor 
influence  only,  so  that  the  examination  of  butter  fats  obtamed  from 
a  limited  number  of  animals  may  be  considered  sufficient.  This,  how- 
ever, cannot  be  admitted  as  correct,  as  the  influence  of  stabUng  on  the 
nature  of  butter  has  been  shown  to  be  so  pronounced  that  durmg  two 
difEerent  seasons  of  the  year  butter  fats  of  very  different  composition 
are  obtained  from  one  and  the  same  herd  of  animals. 

Owing  to  these  variations  in  the  composition  of  butter  fat,  it  is  at 
present  not  possible,  by  merely  carrying  out  the  usual  rapid  tests,  to 
detect  in  every  given  case  an  admixture  of  10  or  even  20  per  cent 
(when  the  original  butter  had  a  very  high  Reichert  value)  of  foreign 
fats.    The  butter  adulterator  keeps  therefore  withm  the  limits  of  sucJi 

1  EiiRlish  patent  22,-158,  1900  ;  German  patent  121,657. 

2  English  {.ateut,  15,649,  1900.  ^  Cp.  Jahrbuch  d.  Chcm.,  1906  (xv..),  404. 
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chemical  tests  as  are  from  time  to  time  agreed  upon  by  analytical 
chemists,  and  hence  prepares  on  a  large  scale  adulterated  butters  which 
just  keep  near  the  lowest  limits,  so  that  the  analyst  is  very  frequently 
placed  in  the  position  of  having  to  give  a  butter  the  "  benefit  of  the 
doubt/'  although  he  may  feel  convinced  that  adulteration  has  taken 
place.  In  this  work  we  are  not  concerned  with  the  limitations  to 
which  the  public  analysts  are  subjected,  and  it  will  be  urged  that  the 
examination  of  butter  fat  must  extend  beyond  the  "  quantitative 
reactions."  In  case  vegetable  oils  or  fats  have  been  admixed  with 
butter  in  a  direct  manner,  or  in  an  indirect  manner  through  added 
margarine,  in  the  manufacture  of  which  vegetable  fats  have  been 
used,  the  phytosteryl  acetate  test  will  give  an  unmistakable  answer. 
If,  however,  animal  oils  or  fats  are  used  as  adulterants  the  uncertainty 
mentioned  above  still  remains.  In  order  to  pronounce  on  the  genuine- 
ness of  a  sample  of  butter,  it  is  therefore  not  only  necessary  to  com- 
bine several  methods  of  examination,  but  also,  if  need  be,  to  examine 
the  volatile  acids,  as  also  the  insoluble  acids  separately. 

The  methods  applicable  to  the  detection  of  adulteration  will  be 
enumerated  in  the  order  of  their  usefulness,  and  the  influence  which 
the  different  natural  factors  pointed  out  above  have  on  the  composi- 
tion of  the  butter  fat  will  be  discussed  under  each  heading. 

The  literatui'e  bearing  on  the  examination  of  butter  is  an  extra- 
ordinarily voluminous  one,  and  still  grows.  The  list  of  methods 
detailed  below  cannot,  therefore,  lay  claim  to  completeness,  although 
no  important  and  really  valuable  method  will  be  found  missing.  A 
large  number  of  insignificant  modifications  of  known  methods  and  a 
host  of  valueless  proposals  have  been  deliberately  omitted. 

For  further  information  reference  must  be  made  to  special  works 
on  butter.^ 


Refractometric  Examination 

The  first  test  that  is  usually  applied  in  "  rapid  "  analysis  is  the 
determination  of  the  refractive  index  of  the  butter  fat  by  means  of 
the  butyro-refractometer  or  the  oleo-refractometer.  The  butyro- 
refractometer  will  be  found  more  convenient.  Thus  one  is  enabled 
to  decide  by  a  glance  through  the  instrument  whether  a  butter  is 
grossly  adulterated  or  whether  it  need  only  be  regarded  with  suspicion. 
Owing  to  the  rapidity  with  which  the  observation  can  be  carried  out, 
its  importance  has  been  sometimes  overestimated,  and  it  should  there- 
fore be  distinctly  remembered  that  the  refractometric  examination  can 
only  be  used  as  a  sorting  test,  and  that  its  indications  must  be  sup- 
ported by  further  tests. 

'  Sell,  Arheiten  a.  d.  Kaiserl.  Reichsf/esmdheitnanU,  1886  ;  Duclaux,  Lc  Lait.  Elude 
chimique  el  viicrnhw/or/ir/ne,  Paris,  1904  ;  Oinird  and  Brevaiis,  La  Margnrinc,  Paris, 
1888;  T3esana,  Hii.i,  me.lodi  a  dislinrpi.are  U  Imrro  nrtijicialc  dal  hiirni  naliirale,  Iiodi, 
1888  ;  Zuno,  TraiU  ijmiral  d'onmlync  des  /)enrrc.%  2  vols.,  Paris  ut  Hruxollcs,  1892. — 
lieporl  of  Ihe  Deparlmenlal  Oommillee  on  JJuller,  Eyro  and  Si)ottiswoodc,  London,  1904. 
VOL.  II  3  G 
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The  refractive  indices  of  pure  butter  fats  tiave  been  given  in  the 
table,  p.  805.  An  agreement  as  to  which  temperature  should  be 
adopted  as  the  standard  for  the  refi'actometric  observation  has  not 
yet  been  arrived  at.  Some  observers  choose  25°  C,  others  take  40°  C. 
The  latter  seems  to  be  the  most  suitable  standard  temperature.  Others 
again  have  adopted  45°  C,  the  temperature  employed  by  Jean  in  the 
observations  with  the  oleo-refractometer. 

For  the  refractive  indices  obtained  with  the  Ahbe-Zeiss  apparatus 
the  reader  must  be  referred  to  Hoton's  paper.^ 

All  samples  which  give  values  lying  outside  the  limits  stated  in 
the  table  must  be  looked  upon  as  suspicious,  or  at  least  as  "  abnormal," 
and  further  examination  is  required  to  establish  whether  a  sample 
is  pure  or  not. 

In  calculating  the  position  of  the  critical  line  found  in  the  butyro- 
refractometer  at  25°  C.  for  another  temperature,  a  correction  of  0-55 
scale  divisions  should  be  made  for  each  degree  C. 

The  following  table,  compiled  on  this  basis,  gives  the  practical 
limits  for  pure  butter  fats  at  the  corresponding  temperatures  :— 


Temperature. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


•c. 


Scale  Division. 
52-6 
51-9 
51-4 
50-8 
50-3 
49-8 
49-2 
48-6 
48-1 
47-5 
47-0 
46-4 
45-9 
45-3 
44-8 
44-2 
43-7 
43-1 
42-6 
420 
41-5 


Belaite,^  however,  has  shown  that  numbers  calculated  from  obser- 
vations made  at  an  arbitrary  temperature  are  not  identical  witli  those 
observed  directly.  It  is  therefore  necessary  to  make  the  observations 
at  the  desired  temperature.  .       ■    ,  i  „ 

If  a  sample  furnishes  numbers  lying  within  the  values  given  in  the 
table,  p.  805,  the  conclusion  must  not  yet  be  drawn  that  the  sample 
is  genuine.    For  mixtures  of  margarine  and  cocoa  nut  oil  can  easily 

2  Bull,  de  V Assoc.  lielge  de  Chvmislcs,  1894  (5),  Ho  ;  Analyst,  1895,  95. 
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be  prepared  showing  the  refractive  index  of  a  normal  butter  fat.  It 
is  evident  that  any  quantity  of  such  mixture  may  be  added  to  butter 
with  impunity,  in  case  the  refractometric  observations  alone  are  held 
to  give  a  decisive  answer. 

The  assumption  of  earlier  observers,  and  unfortunately  still  held 
by  some  analysts,  that  the  refraction  of  butter  fat  stands  in  a  direct 
relation  to  the  Reichert  value,  in  other  words,  to  the  proportion  of 
glycerides  of  volatile  fatty  acids  (or,  to  be  more  correct,  to  mixed 
glycerides  containing  lower  fatty  acids),  has  not  been  borne  out  by 
recent  evidence  (cp.,  e.g.  table  p.  856).  It  is  quite  true  that  (as  in 
the  last  stages  of  the  period  of  lactation  [Farnsteiner  and  Karsch  ;  ^ 
Masson  or  in  consequence  of  climatic  conditions  [Holm,  Kvarup,  and 
Petersen^])  the  refraction  increases  with  the  decrease  of  volatile  acids, 
but  the  refraction  increases  in  a  much  greater  ratio  with  the  increase 
of  unsaturated  fatty  acids  ;  in  other  words,  the  higher  the  iodine 
value  the  higher  will  be  the  refraction.  This  becomes  evident  on  ex- 
amining the  numbers  which  I  append  in  the  following  table,  bearing 
in  mind  that  butter  fats  yielding  the  same  amounts  of  volatile  acids 
may  vary  in'their  contents  of  oleic  .acid  from  10  to  15  per  cent  : — 


Refractive  Indices  of  Fatty  Acids  and  their  Glycerides 


Acid. 

"D. 

°0. 

Fatty  Acids. 

Glycerides. 

Butyric 

20 

1-39906 

1-43587 

Caprfcic 

20 

1-41635 

1-44265 

Caprylic 

20 

1  -42825 

1-44817 

Capric 

40 

1-42855 

1-44461 

Laurie 

60 

1-42665 

1-44039 

Myristic 

60 

1-43075 

1-44285 

Palmitic 

80 

1-42693 

1-43807 

Stearic 

80 

1-43003 

1-43987 

Oleic  .... 

20 

1-4620 

40 

1-4546 

60 

1-4471 

It  will  be  gathered  that  the  small  "  influence  "  on  the  refractive 
index  caused  by  a  somewhat  higher  proportion  of  volatile  fatty  acids 
is  obliterated  by  the  greater  influence  of  the  unsaturated  fatty  acids.'* 
This  is  especially  shown  to  be  the  case  by  butter  fats  obtained  from 
cows  fed  on  linseed  cake  (perhaps  also  cotton  seed  meal).  Minute 
quantities  of  linseed  oil  pass  into  the  milk,  and  consequently  into  the 
butter,  as  is  proved  by  the  occurrence  of  linolenic  acid  in  such  abnormal 
butter  fats.  Therefore,  as  Lobry  de  Bruyn  has  shown  first,  Dutch 
butters  are  frequently  met  with  giving  deviations  of  -25  to  -30, 
and  even  -21  to  -26,  in  the  oleorefractometcr,  although  they  con- 

'  Zeil.'!./.  Unlcrs.  d.  Nnlmjs.-  v,.  (/ennssm.,  1898,  16. 

2  Journ.  Soc.  Chem.  //w/.,'l898,  861.  •'  Jiiederm.  Zemlmlblatl,  1901,  48. 

•*  Cp.  also  I'arthcil  nii<l  v.  Velsoii,  Arch.  d.  Pliarm.,  1900,  261. 
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tained  the  normal  amount  of  volatile  fatty  acids  and  had  the  proper 
flavour  of  good  butter. 

On  the  other  hand,  refractometer  figures  lying  outside  the  numbers 
given  in  the  tables  do  not  unmistakably  point  to  adulteration,  but 
they  certainly  point  to  an  "  abnormal "  butter.  In  these  cases — as 
exemplified  by  "  abnormal  "  Dutch  butters  i— further  investigation 
must  show  whether  the  sample  under  examination  is  an  adulterated 
butter  or  not. 

Observations  on  the  refraction  of  butter  fats  obtained  from  cows 
in  different  districts  of  the  United  Kingdom,  as  also  from  cows  set 
apart  for  the  purposes  of  an  exhaustive  inquiry,  so  that  all  the  influ- 
ences affecting  the  chemical  composition  of  butter  fat  might  be  traced, 
were  made  by  the  Government  Laboratory .2  The  observed  fluctua- 
tions in  the  form  of  average  values  ^  are  set  out  in  the  table,  p.  856  ; 
but  it  should  be  repeatad  that  an  over-estimation  must  be  carefully 
guarded  against.*  In  order  to  study  the  subject  in  detail  the  reader 
must  consult  the  "  Bluebook."  ^ 

Dirnitrescu  and  Popescu  ^  determined  the  refractometer  readings  of 
the  insoluble  fatty  acids  and  found  for  48  samples  of  pure  butter  the 
figures  29-0-304,  at  40°  C,  while  in  the  case  of  3  other  samples  the 
reading  was  31-1.  These  authors  found  for  the  insoluble  fatty  acids 
from  cocoa  nut  oil,  lard  and  beef  fat  the  readings  15-1,  37-4,  and  37-4 
respectively.  Although  the  refractive  index  of  the  insoluble  fatty 
acids  lies  within  narrower  Hmits  than  that  of  the  fat  itself,  the  same 
strictures  must  apply  to  this  determination  as  have  been  given  above. 
V,  Raalte  and  Lichtenbelt,^  however,  in  an  examination  of  530  butters 
found  in  some  cases  as  high  a  reading  as  36-9  for  the  msoluble  fatty 
acids,  so  that  it  appears  very  little  more  information  is  given  by  the 
determination  of  this  figure. 

The  conclusion  must  be  accepted  that  the  mdications  ot  the  re- 
fractometer must  be  supported  by  other  methods  ;  in  the  first  instance, 
by  the  determination  of  the  Reichert-Meissl  value.  Indeed,  determma- 
tion  of  the  refractive  index  has  become  now  of  secondary  importance, 
for  reasons  stated  already  (and  to  be  repeated  below).  But  it  has  been 
placed  first,  as  the  examination  by  this  method  reqmres  less  than  a 
minute,  and  has,  therefore,  come  into  far  greater  vogue  with  analysts 
than  it  deserves. 

1  Cp.  Lam.  Cheni.  ZeiL,  1900,  394.  ^  Thorpe,  Journ  Chevv.  Soc,  1904,  248. 

^  Report  of  the  Departmental  Committee  on  Butter  London,  1904. 
4  Therelb/e  the  two  tables  given  pp.  844,  845  of  the  third  edition  of  thi.  wo.k  have 
not  been  reproduced  here. 

I  S  /^;:T%S-  u.  Genuss,n.,  1912,  iii.  82;  cp.  al.o  Ludwig^-f 
Haupf  1907  xii.  521  ;  Dons,  ibuL,  1907.  xiii.  257,  1908,  xv.  81  ;  Lndwig,  rfi-rf., 
1907,  xiv.  208  ;  Breen,  ibid.,  1908,  xv.  79. 
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The  Reichert-Mbissl  (Reichert-Wollny)  Value 

The  most  valuable  index  in  the  chemical  examination  of  butter 
fat  is  furnished  by  the  determination  of  the  Reichert-Meissl  or  Reichert- 
Wollny  value. 

This  value  is  of  paramount  importance,  for  the  reason  that  it  is 
not  possible  to  prepare  a  mixture  of  any  fats  likely  to  be  used  as  butter 
adulterants  without  adding  very  considerable  quantities  of  butter  fat/ 
so  that  the  mixtm-e  may  have  a  Reichert-Meissl  value  approaching  that 
0?  normal  butter  fat,  whereas  all  other  "  values  "  can  be  adjusted  by 
a  mixture  of  fats  other  than  butter  fat.  Thus  it  is  easy  to  prepare 
mixtures  of  cocoa  nut  oil  and  beef  fat  (or  oleomargarine)  having  the 
same  refractive  index,  the  same  amoimt  of  water-insoluble  fatty  acids, 
the  same  saponification  value,  the  same  specific  gravity,  and  the  same 
iodine  value  as  a  normal  butter  fat,  so  that  if  any  one  of  the  criteria 
mentioned  were  applied  solely,  to  the  exclusion  of  the  others,  it  would 
be  impossible  to  difierentiate  butter  fat  from  a  mixture  of  the  two 
fats  named,  and  consequently  it  would  be  possible  to  add  any  quantity 
of  this  mixture  to  genuine  butter  fat  without  the  adulteration  being 
detected.  It  is  therefore  preferable  to  commence  the  examination  of  a 
butter  fat  with  the  determination  of  the  Reichert-Meissl  value. 

The  modus  operandi  has  been  fully  described  in  Vol.  I.  Chap.  VI. 
I  omit  a  very  large  number  of  "  new  processes  "  which  have  been  pro- 
posed fi'om  time  to  time,  most  of  these  processes  being  nothing  but 
modifications  and  combinations  of  well-known  methods.  As  an 
example  of  a  superfluous  method,  I  may  mention  Kreis's  modification 
of  Reichert's  process,  since  it  met  with  some  attention.  Kreis  ^  employs 
for  the  hydrolysis  of  5  grms.  of  butter  fat  10  c.c.  of  concentrated  sulphuric 
acid.  The  experience  of  several  chemists,  including  the  author,  has 
proved  that  invariably  sulphurous  acid  is  liberated,  which,  of  course, 
must  vitiate  the  results  unless  the  sulphurous  acid  is  removed  or  other- 
wise rendered  innocuous.  The  ingenuity  of  several  analysts  has  been 
exercised  to  eliminate  the  error  due  to  the  presence  of  sulphurous  acid  ; 
others  again  have  tried  to  exactly  define  the  strength  of  the  sulphuric 
acid  required  so  as  to  avoid  formation  of  sulphurous  acid. 

In  order  to  prevent  the  possibiUty  of  the  formation  of  ethylic  esters 
in  the  saponification  process,  Leffmann  and  Beam  proposed  to  saponify 
by  means  of  caustic  soda  and  glycerin.  (It  has  been  shown  (Vol.  I. 
Chap.  II.)  that,  provided  a  suificient  amount  of  alkali  be  used,  no 
ethylic  esters  remain  unhydrolysed).  This  process  has  been  adopted 
by  several  laboratories  affiliated  to  dairies  and  by  the  German  Imperial 

'  Cp.  footnote,  p.  802. 
Ghcm.  Zeit.,  1892,  1394.  The  statement  made  by  Biinte  (C/iOft.  Zeit.,  1894,  204) 
that  butter  fat  Is  completely  hydrolysed  by  sulphuric  acid  of  spociFic  gravity  1-8355 
(corruspoiidiug  to  93-.fi  per  cunt  of  SO4H0)  ciuiiiot  be  correct.  On  repeating  Biinte'a 
experiments  Tliiemc  (/Voc  K.  Akad.  We.tennch.,  Amsterdam,  1908,  85.5-860)  obtained 
with  sulphuric  acid  of  93-5  per  cent,  98-5  per  cent,  and  100  per  cent  SO JTu  respectively, 
products  containing  in  the  same  order  81-0  per  cent,  89-7  per  cent,  and  9'2-2  per  cent  of 
free  fatty  acids. 
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"  Gesundheitsamt,"  especially  for  Polenske's  method  of  determining 
the  insoluble  volatile  acids.  It  ofiers  many  advantages  as  regards 
rapidity  of  work. 

From  the  analyses  of  many  thousands  of  samples  of  butter  fat  the 
fact  has  been  deduced  that  the  Reichert  value  is  by  no  means  so  con- 
stant as  Reichert' s  researches  have  led  us  to  believe ;  the  quantity  of 
volatile  a'cids  being  iufluenced  to  a  notable  extent  by  the  seasons,  the 
nature  of  the  food,  the  period  of  lactation,  the  idiosyncrasy  of  the  cow, 
the  method  employed  in  melting  the  butter,  its  state  of  freshness 
(rancidity),  etc. 

In  the  foUowiug  table  I  have  collated  the  Reicheri-Meissl  (Reichert 
Wollny)  values  published  by  a  number  of  observers,  the  Reichert  values 
(for  2-5  grms.)  having  been  multiplied  by  2-2  so  as  to  admit  of  a  com- 
parison with  the  Reichert-Meissl  (Reichert-Wollny)  values,  although 
this  procedure  is,  strictly  speaking,  not  correct.  But  as  the  variations 
in  the  numbers  of  different  butter  fats  are  greater  than  the  error  in- 
volved by  the  employment  of  a  necessarily  inaccurate  factor,  the  table 
wiU  be  foimd  sufficiently  useful  for  practical  purposes. 


[Table 
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Reichert-Meissl  {Reichert-Wollny)  Values  of  Butter  Fat 


Origin. 


English 


Irish 


Dutch — during'  September, 
October,  November,  De- 
cember    .       .       .  . 


Number  of 
Samples. 


357^ 


300 


1 

'l 

7 
17 
15 
27 
37 
51 
78 
56 
41 
18 
UO 

'15 

•  3 
3 
8 
28 
34 
64 
74 
56 
67 
43 
34 
9 
.  5 


January/March  1910  . 
April/June  1910 
July/September  1910 
October/December  1910 
January/March  1913  . 
April/June  1913 
July /September  1913 

Oct.  17, 1900-Scpt.  4, 1901— 
Miniuiuni,  in  November 
Maximum,  in  March 

Danisli  (mixed)  . 
Minimum 
Maximum  . 

Swedish 


4665 


(  2 

\103 


466o| 
4742  i 


1030 
2 

1401 

2 
32 
fl9 
1.151 

4996{^2^g 
4793  (g 

632  2 


7834 


c.c.  docinormal 
ICOH. 


22 
797 


27 


Observer. 


31-9 
■6-29-5 

22-  5 

23-  5 

24-  5 
25 '5 

26-  5 

27-  5 

28-  8 

29-  5 

30-  5 

31-  3 

32-  6 

24  up  to 
23 

17-18 

19-  19 

20-  20 

21  -  21 

22  -  22 

23-  23 

24-  24 

25-  25 

26-  26 

27-  27 

28-  28 

29-  29 

30-  33 

20-22 

30  and  over 

23-24 

30  and  over 

20  -  22 

30  and  over 

20-22 

30  and  over 

23-24 

30  and  over 

24  -  25 

30  and  over 

22  -  23 

30  and  over 

22-1 
33-4 


22-4 
33-3 

26-9  -29-4 
22  9  -41-0 


Muter. 
Vieth. 
Thorpe. 


Brownlee. 


van  Rijn  ^ 


van  Rijn, 


Holm  and  Kvarup." 


Vieth. 
Nilson. 


'  On  Ihe  Oompoaition  nf  Dutch  Butter,  London,  1 902.  Cp.  also  Reioher,  Zeits.  f.  angeio. 
Chem.,  1901,  125  ;  Clark,  Analyst,  1901,  113  ;  Reiwrt  nf  the  Departmental  Committee 
on  JhUtcr.  Eyr(!  and  Spnttiswoode,  London,  1904. 

^  Prom  fifty-three  factories. 

"  Forti/sixth  Report  of  Danish  Ar/ricullural  Laboratory.  Tlio  niininnini  and  maxi- 
mum values  of  butter.s  from  single  cows  were  16'8  and  40 '0  respectively. 
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Reichert-Meissl  (Eeichert-Wollny)  Values  of  Butter  Fat — continued 


Origin. 


Norwegian — 
Nov.  1898  to  Dec.  1901— 
Minimum,  in  June 
,,      in  March 
Maximum,  in  August  . 
, ,      in  January 

German     .       .       .  . 


North-West  Germany — 
Dec.  1898  to  Nov.  1899— 

Minima,  in  Oct. -Nov.  . 

Maxima,  in  April- June 
Dec.  1899  to  Nov.  1900— 

Minima,  in  Oct. -Nov.  . 

Maxima,  in  April-May 

French      .       .       .  . 


Belgian 


Number  of 
Samples. 


Italian 


Minima 


Maximum 

Russian — 

Minimum,  in  July 
Maximum,  in  February 
October-January 

Minimum,  in  November 
Maximum,  in  January . 
Minimum,  in  April 

Maximum,  in  February 
Baltic  Provinces  . 

Egyptian — 
Minimum  . 
Maximum  . 

Indian — ' 


657^ 


? 

28 
39 

693 
26 
16 
9 
11 

178 
? 

? 
? 
? 
? 
? 
? 
? 


161 


74 


c.c.  decinormal 
KOH. 


21-1 
28-6 
31-2 
34-9 

30-8 
27 -0-31 -5 
27 -6 -29 -4 
24  -32-8 
22-32 


22-8 -24-9 
29-1 -31-3 

22 -4 -24 -6 
29-9 -31-0 

29-  26 
26-1  -30-6 
26-9 -30-8 

26-36-85 

25-  25-84 
■  24-24-96 
23-08-23-84 

19-8-23 

26-  1-31-4 
20-63 

19-  8 

20-  68 

21-  56 

21-  80 

22-  55 

23-  59 

30-  14 


Observer. 


25-7 
30-5 


21-89 

27-3 

20-4 

30-3 
22-6-36-3 


24-9 
26-3 


25-7 


Reiohert. 

Meissl. 

Reiohardt. 

Sendtner. 

Thorner. 


Vieth. 


Jean. 
Vieth. 


Wauters. 


Corbetta. 
Spallanzani. 
Spallanzani  and  Pizzi. 
Vigna. 

Maissen  and  Rossi. 

Besana. 

Longi. 

Sartori. 

Spallanzani  and  Pizzi. 


Lewin. 

Russian  Bacteriological 
Laboratory 


St.    Petersburg  City 
Laboratory 

Boggi'l'd.'-' 

Lucas. 

Menon. 


1  From  fifty-three  factories. 
Characteristics  of  pure  and  adulterated  "Ghi 
and  Revis,  Analyst,  1911.  392. 


a  MilchzeiL,  1909  (38),  124. 
from  India  are  given  by  Bolton 
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Heichert-Meissl  [Reichert-Wollny)  Values  of  Butter  Fat — continued 


Origin. 

Number  of 
Samples. 

c.c.  decinormal 
KOH. 

Observer.  |i 

Finnish — 

January  to  February  . 

March  to  April 

May  .... 

June  to  J uly 

August  ... 

September  . 

October 

November  . 

December 

? 
? 

1 

30-0-32 
29-3-32 
26-5-31-1 
AO  A— 60  0 

24-  0-29-1 

26-  4-30-4 

25-  4-30-6 

27-  5-29-9 

28-  7-31-4 

Lewkowitsch 

and 
Laboratorium 
fiir  Smorunder- 
sokning  iu 
Hango. 

Siberian — 

ivl  1  Til TTl  n TTl 

lTi.XlJ.iIli  LLXXi         •              •  • 

Minimumj  in  April 
Maximum,  in  August  . 

150 

24-0 
oO  7 

Lewin. 

Russian  Bacteriological 
Laboratory 

>;  >) 

Swiss  .... 

? 

28-10-31-10 

Ambuhl. 

American  .... 

J 

27-36 

Cornwall  and  Wallace. 

From  the  foregoiBg  table  it  will  be  gathered  that  the  Reichert-Meissl 
(Reichert-Wollny)  values  of  butter  fats  vary  considerably  ia  different 
countries,  and  with  the  different  seasons  of  the  year.  A  sudden  fall  in 
the  temperature  during  a  period  of  feeding  cows  on  turnip  leaves, 
when  the  leaves  were  to  some  extent  frozen,  caused  a  sudden  fall  in 
the  Reichert  values  of  the  milk  fat.^  It  appears  somewhat  unjust  to 
fix  a  minimum  limit  (as  this  may  exclude  from  the  market  butters 
produced  at  certain  seasons)  ;  still,  in  order  to  prevent,  to  some  extent 
at  least,  the  fraud  that  would  be  practised  if  the  Reichert-Meissl  (Reichert- 
Wollny)  value  were  allowed  to  fall  below  a  certain  number,  the  minimum 
value  for  a  genuine  butter  generally  adopted  amongst  analysts,  although 
not  officially,  in  this  country  and  France  is  24,  in  Germany  25,  and  in 
Sweden  23.  With  regard  to  the  limits  fixed  by  law  in  Belgium  and  in 
Italy  compare  pp.  814,  815.  An  enormous  amount  of  evidence  has  been 
published  ^  to  show  that  under  certain  conditions — which  will  be  dis- 
cussed below— the  Reichert-Meissl  value  of  genuine  butter  fat  may 
fall,  and,  indeed,  does  fall  below  these  limits.  But  it  has  been  also 
proved  that  with  proper  methods  of  dairying  and  with  proper  feeding 
and  stabling,  even  under  severe  climatic  conditions,  the  characteristic 
amoimt  of  volatile  acids,  as  expressed  by  the  Reichert  number,  does 
not  vary  much,  and  it  would  therefore  appear  unwise  to  reduce  those 
adopted  limits  on  the  strength  of  individual,  mostly  exceptional,  cases. 
Such  a  procedure  would  undoubtedly  lead  to  greater  laxity  on  the 
part  of  the  producers  of  butter.    It  may  be  objected,  and  indeed  has 

'  Sieglekl,  Znls.f.  Unlers.  d.  Nahrgs.-  u.  Oenussm.,  1909  (xvii.),  179. 
Cp.  Report  of  the  Departmental  Goimnittee  on  Butter,  Eyre  and  Spottiswoode, 

1904. 
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been  objected,  that  by  fixing  a  low  limits  such  as  23,  the  adulterator 
would  be  in  a  position  to  regulate  his  admixtures  to  some  extent  so  as 
to  keep  as  low  a  limit  as  possible.    This  might  perhaps  be  met  by 
raisiiig  the  limit,  but  it  should  be  remembered  that  the  skilled  adulter- 
ator will  in  any  case  adapt  himself  to  given  conditions,  and  especially 
to  the  tests  applied  by  those  analysts  who  are  likely  to  examine  his 
butter.    At  present  enormous  quantities  of  butter  are  sold  in  this 
country,  the  fats  of  which  give  ReicJiert-Meissl  values  of  exactly  24. 
Such  butters  are  prepared,  almost  on  a  manufacturing  scale,  by  mixing 
butters  rich  in  volatile  fatty  acids  with  margarine,  the  ingredients 
being  carefully  analysed  before  the  admixture  takes  place.^  Nor 
should  greater  scope  be  given  to  what  has  been  aptly  termed  by  Meissl 
"  adiilteration  thi-ough  the  cow  "  (for  such  adulteration  see  below), 
caused  by  bad  feeding,  or  by  not  stabling  the  cows  when  the  cold  season 
sets  in,  or  by  other  conditions  which  influence  the  quality  of  the  butter. 
Dutch  butters  furnish  an  instance  by  which  this  point  may  be  illustrated. 
It  has  been  proved  ^  that  butter  made  in  the  northern  provinces  of 
Holland  during  October  shows  lower  Reichert-Meissl  values  than 
butters  produced,  on  the  one  hand,  in  September,  and,  on  the  other 
hand,  during  November  and  December.    The  cause  of  this  decrease  in 
the  amount  of  volatile  fatty  acids  is  due  to  the  climatic  conditions 
obtaining  during  October;  after  the  cows  have  been  stabled  in  November, 
the  amount  of  volatile  fatty  acids  again  increases.* 

The  mean  monthly  figure  for  the  Reichert-Meissl  value  in  Altona 
during  1911  derived  from  496  analyses  was  highest  in  May,  namely,  30-2, 
and  lowest  in  September,  namely,  25-98. 

Several  years  ago  butters  imported  into  the  United  Kingdom  from 
the  North  of  Holland  during  these  critical  months  were  repeatedly 
declared  by  analysts  as  adulterated,  on  account  of  their  low  Reichert 
values  and  other  abnormalities.  It  was  just  this  fact  which  led  to  the 
formation  of  the  "  Dutch  Control  Stations."  Thus  the  farmers  who 
produce  such  butter  are  now  able  to  prove  its  purity  by  affixing  the 
label  issued  by  the  Dutch  Department  of  Agriculture  (see  p.  814).  It 
therefore  happens  not  infrequently  that  "  Dutch  Control  Butters  " 
with  low  Reichert  values  are  passed  as  pure,  whilst  without  then-  labels 
they  would  be  considered  as  suspicious  and  would  even  be  condemned, 
unless  convincing  proof  as  to  purity  were  brought  by  the  vendor. 

'  In  tliis  connection  a  table  given  by  Wauters  and  Vandam  in  a  paper,  Sur  dcs  cas 
de  falsifications  de  beurres  hoUandais  impories  en  Belgique,  will  he  found  instrnctive. 
This  table  shows  that  butters  obtained  in  Belgium  through  importing  houses  exhibit  a 
much  more  uniform  composition,  and  regularly  much  lower  Reichert  values,  than  butters 
taken  from  farms.  Their  table  further  shows  how  carefully  the  Reichert  values  are 
adjusted  at  the  time  of  official  sampling,  so  that  at  this  time  there  are  hardly  any 
"  abnormal  "  butters  in  the  market. 

^  Van  Rijn  ;  Reiohev. 
The  above  observation  loses  in  force  by  the  fact  that  in  Mecklenburg  the  lowest 
Reichert-Meissl  values  ai-e  obtained  in  the  summer  months  wlien  the  cows  are  out  on 
grass  (Vieth,  Ohem.  Zeit.,  1907,  1231).  Hence  a  more  likely  reason  for  the  rise  of  the 
Reichert- Afeissl  values  in  Holland  after  stalling  would  in  Vieth's  opinion  a)ipe,ir  to  he 
caused  by  the  change  in  food.  But  Vieth  to  some  extent  contradicts  himself  by  pointing 
out  that  his  conclusion  cannot  be  taken  as  apjilying  generally.  Cp.  also  Paraschlschuk 
with  regard  to  Russian  butters  {Milchw.  Zentralbl.  3,  534). 
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It  cannot  be  maintained  tliat  there  exists  any  connection  between 
the  quality  of  butter  and  its  chemical  composition,  and  a  butter  need 
not  be  of  inferior  quality  because  it  only  contains  a  low  percentage  of 
volatile  fatty  acids.  Bxit  even  if  this  point  be  left  an  open  question, 
it  cannot  be  denied  that  to  fix  the  limits  too  low,  or  to  fix  no  limit, 
would  be  to  take  out  of  the  hands  of  the  analyst  his  best  weapon  against 
the  adulterator  and  the  careless  farmer.  Since  butter  from  the  southern 
provinces  of  Holland,  where  the  cows  are  stabled  at  nights  almost 
throughout  the  year,  shows  no  such  falling  off  in  the  amount  of  volatile 
fatty  acids,  it  would  follow  that  the  butter  manufacturer  has  it  in  his 
power  to  keep  up  to  a  standard  which,  for  want  of  better  analytical 
methods,  may  legitimately  be  considered  a  just  and  equitable  one. 

Similar  conditions  to  those  described  above  obtain  in  North- West 
Germany  (Vieth  ^)  and  in  Siberia  ;  ^  in  fact  they  can  be  shown  to  occur 
in  any  country  ;  therefore  butter  falling  below  the  limit  of  24  (Reichert- 
Wollmj  number)  should  be  considered  "  abnormal  "  if  further  investi- 
gation proves  that  no  adrdteration  with  foreign  fats  has  taken  place. 

The  nature  of  the  food  greatly  influences  the  amount  of  volatile 
fatty  acids.  Spallanzani  and  Pizzi  ^  have  shown  that  when  cows  are 
out  on  grass  the  butter  is  rich  in  volatile  acids,  which  diminish  when  the 
cows  are  stall  fed  on  a  poor  ration. 

This  agrees  with  Swaving's  experience  that  in  the  beginniag  of  the 
grazing  season  the  volatile  acids  increase,  and  remain  at  a  high  figure 
until  the  close  of  the  season. 

If  cows  are  fed  on  oil  cakes,  the  Reichert-Meissl  value  of  the  fat 
decreases  considerably,  in  consequence  of  the  oil  passing  into  the  mUk 
fat.  Thus  it  has  been  shown  that  cows  fed  with  cotton  seed  cake 
jrield  butter  fats  of  higher  melting  point  (cp.  table  p.  806),  with  a  corre- 
sponding decrease  of  about  1  per  cent  of  volatile  fatty  acids.  (It  has 
been  mentioned  already  that  butter  fat  from  cows  fed  with  liaseed 
cake  behaves  abnormally  ia  the  refractometric  examination.*)  Baumert 
and  Falke  ^  especially  have  shown  that  on  feeding  cows  with  oil  cake, 
butter  fats  are  obtained  which  exhibit  Reicherl-Meissl  values  corre- 
spondbig  to  an  artificial  mixture  of  butter  fat  with  the  oils  contained 
in  the  cakes.^  Butters  of  this  kind  should  at  least  be  looked  upon  as 
"  abnormal  "  butters,  if  not  as  inferior  in  quality. 

Numerous  experiments  by  other  observers  have  proved  that  by 
selecting  the  food  it  is  possible  to  alter  the  composition  of  the  butter 
fat.  Thus  cases  have  occurred  in  which  farmers  who  fed  their  cows 
excessively  with  cotton  cake  obtained  a  butter  which  would  have  been 
condemned,  and  indeed  was  condemned  at  first,  as  a  butter  adulterated 

'  MilchzeiL,  1901,  No.  12. 

^  Cp.  Report  of  the  iJepurtmenliiZ  CommiUee  on  Butler,  Eyro  luul  Spottiswoode, 
15)04. 

■'  Slaz.  Sper.  Agmr.  Ital.,  38,  257. 

Ci).  Lindsay, ';l/rt.M«c/KMe/;/!«  Slat.  Rep.,  1000,  11. 
"  Cp.  also  A.  Kulliii,  Ann.  de.  Mm.  anal.,  18!)i),  iv.  383. 

"  Cp.  also  A.  Burr,  Milchxil.,  1907  (30),  289  ;  301.  Knieriem  and  Buschmaim  ; 
V.  Knorreaud  Girgeusoliii,  Ohem.  ZenlrulhL,  1907,  ii.  835. 
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with  about  30  per  cent  of  oleomargarine.  A  manufacturer  who  carries 
out  such  admixture  by  means  of  dead  machmery  in  a  works  would 
certainly  be  termed  an  adulterator ;  and  the  question  may  well  be 
raised  whether  such  adidteration  "  through  the  cow  "  may  not  be  made 
at  some  future  time  a  pimishable  ofience,  just  as  at  present  it  is  not 
permissible  artificially  to  iucrease  the  quantity  of  milk  by  giving  the 
cows  an  excess  of  salt. 

Feeding  experiments  made  with  a  view  to  ascertaming  the  cause 
of  the  deficient  quantity  of  volatile  soluble  acids  of  the  butters  in  the 
North  of  Holland  were  instituted  by  Swaving}    Van  der  Zande,  as 
also  Siegfeld,  have  shown  that  feeding  with  turnips  increases  the  amount 
of  volatile  acids  (water-soluble  as  well  as  water-insoluble).  More 
recently  Siegfeld  ^  and  Amberger  ^  proved  that  iu  this  case  the  insoluble 
volatile  fatty  acids  increase  at  a  much  greater  ratio  than  do  the  soluble 
volatile  acids  {Reichert-Meissl  value).    Since,  at  the  same  time,  the 
saponification  values  rise  considerably  and  the  mean  molecular  weights 
of  the  insoluble  fatty  acids  fall  in  the  same  ratio,  whereas  the  iodine 
values  become  very  low,  a  superficial  consideration  of  the  analytical 
figures  might  lead  to  the  conclusion  that  adulteration  with  cocoa  nut 
oil  has  taken  place,  were  it  not  for  the  very  high  Reichert-Meissl  values 
these  butters  showed,  namely,  fi'om  31-3  to  32-9.    Later  Siegfeld 
found  the  Reichert-Meissl  to  rise  after  feeding  with  turnip  leaves  to 
35  and  even  to  40,  and  to  faH  at  the  end  of  the  period  of  such  feedmg 
to  24-5     (With  regard  to  the  corresponding  values  for  the  msoluble 
volatUe  fatty  acids  see  p.  841.)    The  abnormal  production  of  volatUe 
fatty  acids  seems  to  be  due  to  the  sugar  in  the  turnips,  for  Hoppe-Seyler 
showed,  many  years  ago,  that  sugar  is  capable  of  yieldmg  by  purely 
chemical  reactions  volatile  fatty  acids,  butyric  acid,  caprylic  acid  etc. 
Of  great  importance  is  the  observation  made  by  Amberger  that  food  rich 
in  proteins,  such  as  malt  germs,  produces  the  opposite  efiect  in  that  the 
Reichert-Meissl  values,  titration  numbers  of  the  msoluble  volatile  acids, 
and  saponification  values  feU  considerably  (in  a  given  case,  from  25-5, 
1-8,  and  225-5,  respectively,  to  16-7,  1-6,  and  219-5),  whilst  the  lodme 
values  rose  (from  32-1  to  39-2).    Such  butter  would  have  been  looked 
upon  as  adulterated  with  margarine.    The  experiments  oi  Arnberger 
are  all  the  more  convincing,  as  the  feeding  experiments,  with  turnips 
on  the  one  hand,  and  with  malt  germs  on  the  other,  were  carried  out 
with  one  and  the  same  set  of  cows.    It  is  thus  possible  to  produce  at 
wUl  a  butter  having  the  characteristics  of  a  butter  adulterated  with 
cocoa  nut  oU  or  of  a  butter  adulterated  with  margarme. 

Feeding  with  sesam6  cakes  increases  the  yield  of  milk,  but  gives  a 
softer  butter    Arachis  cakes  have  a  marked  influence  on  the  taste 
o  the  butt.    It  must  be  borne  m  mind  that  fee^g  with  c.  cakes 
tends  to  lower  the  Reichert-Meissl  value  (cp.  p.  827),  and  this  fact 
1  ;!eits.f.  Unters.  d.  Nahnjs.-  u.  Genussm.,  1906,  be.  505. 

Unters.  d.  Nahnjs.- u.  Genn.mn.,  1909  xvu.  635,  1049  106/. 
•>  Xeils./.  Unters.  d.  Nahrgs.-  n.  Genussm.,  1909,  xvxi.  l/y. 
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may  press  hardly  on  the  butter  manufacturer^  as  the  public  analyst  to 
whom  the  butters  are  submitted  can  of  course  have  no  knowledge 
as  to  how  the  cows  have  been  fed. 

The  influence  of  feeding  with  cocoa  nut  cake  has  become  of  special 
importance,  for  cocoa  nut  oil  passes  into  the  milk  fat  and  alters  the 
chemical  composition  of  the  latter.  Butters  so  obtained  show  high 
saponification  values  and  low  Reichert-Meissl  values^  such  as  are  found 
in  butters  adulterated  with  cocoa  nut  oil  (see  below).  The  use  of 
cocoa  nut  oil  cakes  as  a  food  increases  the  yield  of  milk. 

Great  fluctuations  in  the  composition  of  butter  fat  are  caused  by 
the  pepiod  of  lactation.  Nilson  has  shown  in  the  case  of  Swedish 
butter  that  the  Reichert-Meissl  value  decreases  from  3344  in  the  first 
month  to  2542  in  the  fourteenth  month  of  lactation.  According  to 
Yieih^  Holstein  butter^  made  at  a  time  when  most  of  the  cows  were 
nearing  the  end  of  the  period  of  lactation,  gave  numbers  as  low  as 
21-7  ;  also  Spallanzani  and  Pizzi,^  and  a  number  of  other  observers,^ 
find  higher  Reichert-Meissl  values  in  the  early  stages  of  lactation  than 
in  the  later  ones  (Smetham  [Swaving,^  indeed,  went  so  far  as  to 
consider  on  this  account  14  as  the  permissible  minimum.^]  Similar 
depressions  occur  during  the  rut-time  and  illness  of  cows. 

As  examples  of  the  idiosyncrasy  of  cows  may  be  mentioned 
experiments  carried  out  by  Einecke^  the  object  of  which  was  to  demon- 
strate the  influence  of  rape  oil,  cocoa  nut  oil,  and  linseed  oil  given  with 
the  food.  Different  individuals  behaved  differently  to  each  kind  of 
oil,  and  it  may  be  mentioned  that,  whereas  it  is  accepted  that  cocoa 
nut  cake  stimrdates  the  production  of  milk  and  milk  fat,  Eineclce 
found  that  the  influence  of  cocoa  nut  oil  was  rather  depressing  than 
stimulating  as  regards  the  quantity  of  fat  (see  p.  633). 

An  especially  striking  example  of  the  idiosyncrasy  of  cows  has 
been  described  by  Fischer.^  Some  butters  were  suspected  on  account 
of  their  Reichert  values  lying  between  16-8  and  19-3.  The  samples 
taken  in  the  stable  proved  that  the  cows  did  produce  butter  fats  of 
such  low  Reichert  values  as  154  and  17-6.  Since  the  food  consisted 
largely  of  oil  cakes  (arachis  cake,  linseed  cake,  and  cotton  seed  cake), 
the  milk  fat  of  the  cows  was  examined  after  they  had  been  out  on  grass 
for  eight  days,  fourteen  days,  and  five  weeks,  and  the  following  Reichert- 
Meissl  values  were  found  respectively  :  17-6,  23-6,  and  22-2. 

Under  the  heading  of  idiosyncrasy  may  also  be  considered  the 
influence  of  the  age  of  the  animal  on  the  composition  of  its  milk  fat. 

The  preservatives  used  may  also  have  an  influence  on  the  Reichert- 

1  MilchzeiL,  1899,  785. 
-  IhicL,  1889  461,  483. 
Cp.,  e.g.  Paal  and  Ainhergev,  Zcits.  f.  Unters.  d.  Nahrgs.-  u.  Ocnussm.,  1909, 
xvii.  44. 

■*  Analyst,  1900,  304. 

^  Lani'ho.  Ve.rsuchssL,  1891,  127. 

"  Cp.  also  Swaving,  Zeits.  f.  Unlcrs.  cl.  Nalirg.i.- u.  (lenussm.,  1905,  x.  81  ;  1906, 
xi.  505. 

'  Mill.  d.  landv).  hid.  d.  Univ.  Jire-ilau,  1903,  2,  559. 
'  Zeils.  f.  Unter.1.  d.  Nahrgs.  -  u.  Oenussm.,  1905,  x.  338. 
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Meissl  value  of  the  fat.  Grimaldi  has  shown  that  the  addition  of 
benzoic  acid  to  butter  fat,  oleomargarine,  and  cocoa  nut  oil  raises  the 
Reicliert-Meissl  values  to  an  extent  proportionate  to  the  amount  used. 

Excellent  as  Reichert's  method  is,  sophistication  with  20  per  cent 
of  a  foreign  fat  in  the  case  of  butters  rich  in  volatile  acids,  or  of  10 
per  cent  in  the  case  of  butters  of  ordinary  quality,  cannot  be  detected 
with  certainty  in  every  case  by  the  usual  rapid  methods.  Still,  Reichert's 
process  must  be  considered  the  best  method  hitherto  designed  for  the 
detection  of  frauds,  or  of  "  abnormal "  butters,  no  other  method 
allowing  rapid  discrimination  between  genuine  butter  and  a  butter 
adulterated  with  a  judiciously  prepared  mixture  of  margarine  and 
cocoa  nut  oil.    The  following  table  demonstrates  this  clearly  : — 


Eeichert-Meissl  Values 


Kind  of  Fat. 

CO.  decinormal 
Potash. 

Observer. 

Butter  fat  with  10  per  cent  of  cocoa  nut  oil 
,,        ,,   20      ,,           ,,  ,> 
,j    2.5                    ,,  1, 

,,        ,,    /5       ,,  ,) 
50  parts  of  butter  fat,  22-5  parts  of  cocoa  nut 
oil,  and  27 '5  parts  of  oleomargarine  . 

7 -0-7 -8 

2-6 
0-8-0-9 

26-8 

24-13 

24 

18 

12 

17-4 

'  Reicliert, 
-  Moore,  Allen, 
^  Muter 
Muter 
Jean 

Muter 

J) 
>» 

Moore 

The  glycerides  of  the  volatile  acids,  notably  acetin,  have  been  used 
as  butter  adulterants,  as  it  is  easy  to  prepare  a  mixture  of  margarine 
and  acetin  having  a  normal  Reichert-WoUny  value.  Inasmuch  as 
acetin  is  soluble  in  water  its  detection  becomes  an  easy  matter.^ 

Only  in  those  cases  where  margarine  free  from  cocoa  nut  oil  has 
been  used  for  adulteration,  and  its  proportion  exceeds  10  per  cent,  will 
the  determination  of  the  saponification  value  prove  equally  expeditious, 
since  butter  fat  containing  more  than  10  per  cent  of  margarine  gives  a 
low  saponification  value  (see  below).  In  doubtful  cases  it  is  therefore 
advisable  to  determine  the  saponification  value  as  well  as  the  Reicliert 
value.  Thus,  in  case  butyric  acid,  butyrin,  or  amyl  acetate  have  been 
added  to  conceal  an  admixture  of  margarine,  an  abncrmally  high 
saponification  value  in  conjunction  with  a  normal  Reicliert  value  will 
lead  to  their  rapid  detection.  Furthermore,  whenever  an  abnormally 
high  saponification  value  is  associated  with  an  abnormaUy  low  Reicliert 
value,  the  presence  of  cocoa  nut  oU  may  be  suspected.  In  the  latter 
event  certainty  is  obtained  by  applying  the  phytosteryl  acetate  test. 

1  Ann.  Lab.  Chim.  d.  Gahelle.,  1912,  vi.  631. 
"  Tarugi  and  Veriiungo,  Chem.  Zcit.,  1911,  1068. 
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The  following  table  presents  several  examples  of  those  cases  where 
the  Reichert-Meissl  value  just  reaches  the  figure  24:,  and  the  analyst  is 
therefore  confronted  with  uncertainty  as  to  whether  the  butter  is 
adulterated  or  not : — 


Oleo- 

Reichert- 

refracto 

No. 

Fat. 

Meissl 

Observer. 

V*llu6. 

Deviation. 

1 

Genuine  butter  .... 

26-29 

-30 

Jean 

31'9 

-  34 

Muter  ' 

2 

"  .... 

Cocoa  nut  oil  . 

7-8 

-  59 

Jean 

7  "7 

-  54 

Muter 

3 

Genuine  butter  with  1 0  per  cent  olcocoa  nut  oil 

26  "8 

-  33 

Jean 

4 

15 

—  6i. 

5 

20 

24-13 

-36 

6 

AO  i 

—  oy 

JViUlGl 

7 

It           11                         11  >> 

19"8 

-44 

1 ) 

8 

11           11            '5           ,,  11 

13-2 

-49 
-  8-5 

y 

Marf^arine      ,          .           •           .  ■ 

2-8 

>  1 

10 

Genuine  butter  with  25  per  cent  of  margarine 

21 

-27 

11 

II          11           50          ,,  ,1 

17-1 

-22 

?  J 

12 

Margarine  with  50  per  cent  or  cocoa  nut  oil . 

9-9 

-15 

1 ) 

13 

6-1 

-32 

1 ) 

14 

50  per  cent  genuine  butter  with  25  per  cent  of 

19-3 

-33 

margarine  and  25  per  cent  of  cocoa  nut  oil 

r » 

15 

25  per  cent  genuine  butter  with  50  per  cent  of 

-27 

margarine  and  25  per  cent  of  cocoa  nut  oil 

12-3 

1 » 

The  specimens  represented  by  Nos.  3  and  4  of  the  foregoing  table 
cannot  be  reported  as  adulterated  samples  if  judged  by  the  Reichert- 
Meissl  value  and  by  the  refractometric  method  alone. 

The  adulterator  has  taken  advantage  of  this  fact,  and  hence — 
especially  in  Belgium — large  amounts  of  butter  were  imdoubtedly 
adulterated  with  cocoa  nut  oil. 

In  cases  of  this  Mnd,  the  phytosteryl  acetate  test  leads  un- 
mistakably to  the  detection  of  vegetable  oils.  Hanus  and  Pelrilc^ 
state  that  by  the  examination  of  the  ethylesters  10  per  cent  of  cocoa 
nut  oil  can  be  determined  in  butter.  For  the  details  of  their  method 
the  original  paper  should  be  consulted. 

Since  this  test  demands  a  considerable  amount  of  time,  as  well  as 
of  material,  it  has  been  attempted  to  detect  cocoa  nut  oil  in  butter 
fat  by  a  more  rapid  method,  aiming  at  the  determination  of  the  water- 
insoluble  volatile  acids. 

'  The  Reichert  values  given  by  Muter  have  Imcu  multiplied  by  2-2  for  the  sake  of 
better  cotiiparison. 

2  Chem.  ZeiL,  1910,  736. 
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The  Water-insoluble  Volatile  Fatty  Acids 
Titration  Number  of  Insoluble  Volatile  Fatty  Acids 

The  principle  underlying  the  detection  of  cocoa  nut  oil  by  this 
method  rests  on  the  fact  that  by  far  the  greater  part  of  the  volatile 
fatty  acids  of  butter  fat  obtained  in  Reichert's  distillation  process  is 
soluble  in  water,  a  small  quantity  only  being  insoluble,  whereas  in  the 
case  of  cocoa  nut  oil,  a  small  amount  only  of  the  volatile  acids  obtained 
by  the  Reichert  distillation  process  is  soluble  in  water,  by  far  the  larger 
amount  being  insoluble.  By  titrating  separately  these  two  kinds  of 
fatty  acids  with  decinormal  potash,  a  great  difference  between  butter 
fat  on  the  one  hand  and  cocoa  nut  oil  on  the  other  will  be  observed. 
This  difEerence  can  also  be  traced  in  butters  adulterated  with  com- 
paratively small  quantities  of  cocoa  nut  oil  (about  10  per  cent).  This 
principle  was  proposed  by  Salkowski  and  later  on  has  been  made  use 
of  by  Hart,^  Wauters^  Vandam,'^  and  Reychler.^  Wauters  required 
(on  applying  his  method  of  distUling  twice)  11-4  c.c.  of  decinormal 
potash  for  the  soluble  volatile  acids  of  cocoa  nut  oil  and  15-4  c.c.  for 
its  insoluble  volatile  acids,  whereas  several  samples  of  butter  fat  (taking 
the  mean  of  three  samples)  required  27-9  c.c.  for  the  soluble  volatile 
acids  and  0-9  c.c.  for  the  insoluble  volatile  acids. 

Although  the  details  of  Wauter's  process  have  been  criticised  by 
Ranivez^  the  underlying  principle  is  a  sound  one  (cp.  also  Jean''). 
It  has  been  carefully  worked  out  almost  simultaneously  by  Miintz  and 
Coudon  ^  in  France,  and  by  PolensJce  ^  in  Germany,  to  a  new  method  for 
determining  cocoa  nut  oil  in  butter. 

In  order  to  obtain  constant .  and  comparable  results  it  is  necessary 
that  the  minutest  details  be  observed  in  carrying  out  the  determina- 
tions, and  it  must  further  be  considered  as  an  indispensable  condition 
that  the  apparatus  should  conform  in  every  respect  to  that  described 
by  the  respective  authors. 

Miintz  and  Coudon  weigh  out  accurately,  with  the  aid  of  a  finely 
drawn-out  tube,  10  grms.  of  filtered  butter  fat,  melted  to  a  clear  hquid, 
into  a  cylinder  of  5  cm.  diameter  and  8  cm.  height,  provided  with  a 
spout,  and  tared  on  an  accurate  balance.  Before  the  butter  commences 
to  solidify,  5  c.c.  of  a  hot  concentrated  solution  of  caustic  potash  are 
added.  The  potash  solution  is  prepared  by  dissolving  120  grms.  of 
caustic  potash  (pure  from  alcohol),  with  exclusion  of  air,  in  hot  water, 
which  is  added  in  small  quantities,  so  that  the  final  volume  of  the 

1  Zeits.  analyt.  Chem.,  1887,  xxvi.  582.  Ohem.  Zeit.,  1901,  207. 

3  Bull,  de  V Assoc.  Beige.  cU  Chim.,  1901,  258.    Cp.  Bull,  clu  Service  de  Surveillance, 

etc.,  1907.  „         ....  „ 

Ann.  de  Pharm.  de  Louvain,  1901,  201.    Awdyst,  1901,  320.    For  a  criticism  of 
Vandani's  method,  cp.  Feadler  {Arbeit,  a.  d.  Pliarm.  Insl.  d.  Univ.,  Berlin,  1908). 
5  Bull,  de  la  Snc.  Chim.,  1901,  142. 

8  Ann.  Pharm.,  1901,  241.    Cp.  Van  Leent,  Ghem.  Ceniralhl.,  1903,  u.  1193. 

7  Ann.  Chim.  Anal.  AppL,  1903,  441. 

8  Annales  de  V InstUut  national  arjronomique,  1904,  [3]  (2),  Fasc.  1. 
"  Arbeit,  a.  d.  Kaiserl.  Gesundheitsamte,  1904,  645. 
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solution  J  whilst  stiU  warmj  does  not  exceed  100  c.c.  Should  this 
solution  crystalHse  on  cooling,  it  should  be  heated  on  a  water-bath 
untU  it  becomes  clear,  when  small  quantities  of  water  are  added  so 
that  the  solution  may  remain  clear  at  a  temperature  of  20°  C. 

With  the  aid  of  a  glass  rod,  flattened  at  the  end,  the  caustic  potash 
is  intimately  mixed  with  the  butter  fat,  and  the  mixing  is  continued 
for  at  least  twenty  minutes,  so  as  to  bring  the  butter  fat  particles  into 
intimate  contact  with  the  potash.  The  mass  becomes  hot  at  first ; 
when  it  has  become  hard,  the  cylinder  is  placed  in  an  oven  heated  to 


0 


Fig.  ir>. 


70-80°  C,  and  left  therein  for  twenty  minutes ;  this  is  sufl&cient  to 
effect  complete  saponification.  With  the  aid  of  the  glass  rod  the  hard 
soap  is  broken  up  and  reduced  to  a  coarse  powder.  This  is  then  trans- 
ferred with  the  aid  of  200  c.c.  of  distilled  water,  accurately  measured 
off,  into  a  distilling  flask.  The  flask  is  gently  heated  over  a  Bunsen 
burner  with  frequent  shaking,  care  being  taken  that  no  loss  of  water 
occurs  through  evaporation.  When  the  soap  is  dissolved  completely 
and  cooled  down  to  the  ordinary  temperature,  30  c.c.  of  a  phosphoric 
acid  solution  of  1-15  specific  gravity  are  added.  (This  solution  is 
prepared  by  dissolving  syrupy  phosphoric  acid  of  45°  Be  in  about 
twice  its  volume  of  water.)  Finally,  a  few  pieces  of  pumice  stone 
are  introduced. 

The  carbonic  acid  which  is  combiaed  with  the  potash  would  render 
VOL.  n  3  H 
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the  determination  incorrect ;  in  order  to  remove  it  tlie  flask  is  con- 
nected with,  a  vacuum  pump  and  exhausted  for  ten  to  fifteen  minutes, 
while  the  cold,  acid  solution  is  carefully  shaken.  The  distilling  flask 
is  fitted  with  a  dephlegmator,  and  is  connected  with  a  condenser  exactly 
as  shown  in  the  figure.  The  distilling  flask  is  of  Bohemian  glass,  and 
holds  500  c.c.  up  to  the  commencement  of  the  neck  ;  the  latter  is  9 
cm.  long  and  has  a  diameter  of  20  mm.  The  dephlegmator  is  made 
from  a  glass  tube  1  meter  long,  having  an  outside  diameter  of  16  mm. 
and  inside  diameter  of  14  mm.  It  is  bent  exactly  as  is  shown  ui  the 
illustration.  The  lower  end  is  cut  off  aslant ;  a  side  tube  is  sealed  iato 
the  upper  end.  The  upper  end  of  the  dephlegmator  is  closed  by  an 
india-rubber  stopper.  The  dephlegmator  has  a  vertical  height  of  35 
cm. ;  about  92  cm.  of  the  total  length  of  the  tube  thus  serve  for  cooling 
the  vapours. 

The  flask  is  heated  direct  over  a  Bunsen  burner  ;  in  order  to  avoid 
overheating  of  the  sides,  especiaUy  towards  the  end  of  the  distillation, 
the  flask  is  placed  on  a  copper  ring  of  13  cm.  diameter,  having  a  hole 
6  cm.  in  diameter.  The  flame  is  so  regulated  that  the  distillation  lasts 
about  one  hour  and  a  half.  The  distillate  is  received  in  a  200  c.c. 
graduated  flask.  The  distillation  is  interrupted  when  exactly  200  c.c. 
have  distUled  over. 

The  liquid  in  the  measured  flask  is  more  or  less  turbid,  and  on  its 
surface  there  float  oily  drops  of  insoluble  volatile  acids.  In  order 
to  facilitate  the  separation  of  the  insoluble  volatile  acids  from  the 
soluble  volatile  acids,  the  liquid  is  allowed  to  stand  till  the  following 
day,  and  is  then  filtered  through  a  moistened  filter  paper.  The  in- 
soluble acids  remaia  on  the  filter,  and  the  soluble  acids  are  coUected 
in  a  750  c.c.  beaker.  The  flask  is  washed  with  5  c.c.  of  water,  which 
are  also  thrown  on  the  filter. 

All  these  precautions  are  indispensable  in  order  to  obtain  a  good 
separation  of  the  soluble  from  the  insoluble  volatile  acids,  as  other- 
wise, e.g.  if  the  time  aUowed  for  separation  were  shortened,  small 
quantities  of  insoluble  acids  would  pass  through  the  filter,  which  would 
be  indicated  by  the  turbid  appearance  of  the  filtered  liqmd.  In  order 
to  obtain  constant  results  it  is  indispensable  that  the  aqueous  solution 
should  be  perfectly  clear.  To  the  clear  filtrate  six  drops  of  a  1  per 
cent  solution  of  phenolphthalein  are  added  and  the  hquid  titrated 
with  standardised  lime  water.  100  c.c.  of  the  lime  water  are  run  m 
at  once  fi-om  a  pipette,  and  the  titration  is  then  completed  with  the 
same  standard  lime  solution  added  from  a  burette.  The  titration  is 
finished  when  the  pink  colour  persists  in  the  liquid  for  a  few  seconds. 
The  number  of  c.c.  of  Ume  solution  used  for  titration  is  calculated  to 

butync  ^i^^j^^j^  volatile  acids  which  have  remained  to  the  largest 
extent  on  the  filter,  and  traces  of  which  still  adhere  to  the  200  c  c. 
flask,  as  also  to  the  cooUng  tube  of  the  condenser,  are  collected  by 
placing  the  filter  on  the  200  c.c.  flask  and  treatmg  it  with  four  suc- 
cessive washes  of  alcohol  of  5  c.c.  each,  allowmg  the  alcohol  to  fa 
drop  by  drop  from  a  pipette  on  to  the  filter.    The  200  c.c.  flask  is  then 
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placed  under  the  condenser,  the  outlet  of  which  has  meanwhile  been 
closed  by  means  of  an  india-rubber  tube  and  pinch-cock.  The  con- 
denser is  detached  from  the  dephlegmator,  and  about  200  c.c.  of  alcohol 
are  nm  into  the  cooling  tube  of  the  condenser  through  a  small  funnel. 
The  alcohol  is  allowed  to  remain  for  some  minutes  in  the  tube  and  is 
then  run  into  the  200  c.c.  flask  by  opening  the  pinch-cock.  The  con- 
denser tube  is  washed  once  more  with  5-6  c.c.  of  alcohol.  The  alcohol 
must  be  neutral,  and  be  of  95  per  cent  {Oay  Lussac  ?).  The  insoluble 
volatile  acids,  which  are  now  completely  collected  m  the  200  c.c.  flask, 
are  titrated  (after  addition  of  four  drops  of  phenolphthalein  solution) 
with  standard  lime  solution,  which  is  allowed  to  run  in  from  a  burette. 
The  quantity  of  volatile  insoluble  acids  is  also  expressed  in  terms  of 
butyric  acid. 

It  will  be  seen  that  Milntz  and  Condon  deviate  from  the  French 
official  method  (described  Vol.  I.  Chap.  VIII.)  in  the  determination  of 
the  volatile  acids,  and  approach  the  method  of  Reichert-Meissl  with  this 
important  difference  that  they  employ  double  the  quantity  of  material 
and  collect  twice  the  volume  of  distillate.  I  append,  in  the  following 
table,  the  results  obtained  by  Milntz  and  Coudon  in  the  examination  of 
forty  butters  obtained  from  different  departments  of  France  : — 


[Table 
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Soluble  Volatile  Acids. 

Insoluble  Volatile  Acids. 

Relation  (Rapport). 

No. 

Insol.  Vol.  Acids ^,„„ 

In  Terms  of  Butyric  Acid. 

Sol.  Vol.  Acids  ■ 

1 

5-55 

0-57 

1  n  'Q 

o 

6-01 

0-77 

1  O  •(! 
1  ^  O 

Q 
O 

6-00 

0-75 

1 

4 

5-10 

0-50 

0  '0 

r 
0 

5-14 

073 

1  /I  -0 

6 

5-52 

0'63 

ii  ^ 

7 

5-62 

0-69 

IZ  o 

8 

5-72 

0'52 

Q  '1 

y  1 

n 

y 

5-50 

0"t)5 

1  1  -s 
1  i  o 

iU 

5-38 

0"50 

Q'9 

y  ^ 

1  1 

5-24 

0-50 

I  1  -A 

II  'x 

1  2, 

5-94 

0'63 

IVJ  0 

13 

573 

0"66 

1  i  D 

14 

5  -54 

079 

11  o 

15 

5-70 

0'87 

10  1 

]  6 

5-86 

0'61 

lU  0 

17 

5-52 

0'61 

1  1  u 

18 

5-61  • 

079 

1  d  -9 

1  4:  Z 

]  9 

5-44 

075 

10  / 

20 

5-55 

0'68 

19-9 

1  A  ^ 

ii. 

5-24 

071 

lO  u 

oo 
£1 

5-70 

0'69 

1  9*1 

23 

5-19 

0'59 

11  o 

24 

4-83 

0"67 

1  o  o 

25 

4-79 

0'68 

14'1 

2o 

5-61 

0-60 

10-7 

27 

5-47 

072 

13*2 

5-24 

0'55 

10*5 

29 

5-45 

0'64 

11  '8 

30 

5-19 

0"81 

15*6 

31 

5-02 

0'59 

11*7 

32 

5-47 

0-54 

9*8 

33 

0-58 

11  '4 

34 

5-26 

0-68 

12*9 

35 

071 

13-8 

36 

0'69 

13'3 

37 

5-01 

0-59 

11-8 

38 

5-01 

0-64 

12-7 

39 

5-43 

0-51 

9-3 

40 

5-20 

0-54 

10-3 

Average  0"652 

1 

12-04 

Minimum  0'50 

9-1 

Maximum  0"87 

15-6 

On  referring  to  p.  642  it  will  be  gathered  that  the  relation  :— 
insoluble  volatUe  acids  -^  soluble  volatile  acids  x  100  varies  for  cocoa 
nut  oil  between  the  numbers  250-3  and  314-7.  The  enormous  differ- 
ence which  exists  in  this  respect  between  butter  fat  and  cocoa  nut  oil 
permits  the  recognition  of  an  admixture  of  cocoa  nut  oil  to  butter. 
This  is  confirmed  by  the  followmg  table,  in  which  I  have  collated  a 
number  of  figures  published  by  Mmitz  and  Condon  :— 
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Soluble  Volatile 
Acids. 


Insoluble  Volatile 
Acids. 


In  Terms  of  Butyric  Acid. 


Per  cent. 


Per  cent. 


Relation. 


Insol.  Vol.  Acids 
~Sol.  Vol.  Acids" 


XlOO. 


^fixtures  of  Pure  Butter  with  20  per  cent  Cocoa  Nut  Oil,  No.  1  (p.  642) 


1.  Pure  butter  (Sarthe)  . 

Do.       containing  20  per  cent 
cocoa  nut  oil . 

2.  Pure  butter  (Normandy)  . 

Do.       containing  20  per  cent 
cocoa  nut  oil . 

3.  Pure  butter  (Bretagne) 

Do.       containing  20  per  cent 
cocoa  nut  oil . 


6  67 

4-  82 

5-  88 

5-09 
5-56 

4'81 


071 

1-31 

0-  62 

1-  28 

0-  56 

1-  40 


12-5 

27-2 
10-6 

25-0 
10-0 

29-0 


Mixtures  of  Pure  Butter  with  1 5  i^er  cent  Cocoa  Nat  Oil,  No.  1  (p.  G  1 2) 


1.  Pure  butter  (Seine  InKrieure) 

Do.       containing  15  per  cent 
cocoa  nut  oil . 

2.  Pure  butter  (Sarthe)  . 

Do.       containing  15  per  cent 
cocoa  nut  oil . 

3.  Pure  butter  (Finistere) 

Do.       containing  15  per  cent 
cocoa  nut  oil . 


5-34 

4-  71 

5-  67 

5-03 
5-52 

4-71 


0-  69 

1-  19 

0-  71 

1-  10 
0-63 

Ml 


12-9 

25-2 
12-5 

21  -9 
11-4 

23-6 


Mixtures  of  Pure  Butter  with  12-5  per  cent  Cocoa  Nut  Oil,  No.  1  (p.  642) 


1.  Pure  butter  (Vendue) . 

Do.       containing    12*5  per 
cent  cocoa  nut  oil  . 

2.  Pure  butter  (Charente-Inferieure) 

Do.       containing    12  "5  per 
cent  cocoa  nut  oil  . 
Pure  butter  (Charente-Inferieure) 
Do.       containing    12-5  per 
cent  cocoa  nut  oil  . 


3. 


5-71 

5-20 
5-24 

5-19 
5-44 

4-84 


0-  73 

1-  16 

0-  71 

1-  08 

0-  75 

1-  23 


12-  8 

22-4 

13-  5 

20-7 
18-7 

25-3 


[Table 
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Mixtures  of  Pure  Butter  with  10  per  cent  Cocoa  Nut  Oil,  No.  2  (p.  642) 


Soluble  Volatile 
Acids. 

1 

Insoluble  Volatile 
Acids. 

1 

Relation. 

In  Terms  of  Butyric  Acid. 

Insol.  Vol.  Acids 
Sol.  Vol.  Acids 

i . 

Do.       containing  10  per  cent 
cocoa  nut  oil 

Per  cent. 
5-34 

4-90 

Per  cent. 

0-  69 

1-  01 

12'9 
20-6 

2. 

Pure  butter  (Morbilian) 

Do.       containing  10  per  cent 
cocoa  nut  oil 

5-56 
5-23 

0-  56 

1-  03 

10-0 
19-6 

3. 

Pure  butter  (Vendee) . 

Do.       containing  10  per  cent 
cocoa  nut  oil 

5-73 
5-30 

0-  66 

1-  02 

11-6 
19-2 

Exactly  the  same  principle  underlies  the  method  of  PolensJce,  who 
works  with  5  grms.  of  butter  fat,  and  adapts  himself  more  completely 
to  the  Reichert-Meissl  {Wollny)  method  than  MiXntz  and  Coudon  did. 

Polenshe  ^  ascertained,  by  examining  thirty-four  samples  of  butter 
fat,  the  Reichert-Meissl  values  of  which  varied  from  23-3  to  30-1, 
that  the  amount  of  decinormal  alkali  required  for  the  insoluble 
volatile  fatty  acids  varied  from  1-5  to  3-0  c.c,  whereas  m  the 
case  of  four  samples  of  cocoa  nut  oil  having  the  Reichert-Meissl 
values  6-8  to  7-7,  as  much  as  16-8  to  17-8  c.c.  of  decinormal  potash 
were  required  for  the  neutralisation  of  the  insoluble  volatile  acids. 
(The  number  of  c.c.  of  decinormal  alkali  required  for  the  neutralisa- 
tion of  the  insoluble  volatile  fatty  acids  was  termed  by  Polenshe 
"  new  butter  value.")  Polenshe  further  lays  stress  on  the  fact  that 
the  insoluble  volatile  fatty  acids  of  butter  fat  form  oily  drops,  if  the 
Reichert-Meissl  value  of  the  butter  fat  be  low,  or  a  semi-soUd,  non- 
transparent  mass  m  case  the  Reichert-Meissl  value  be  high.  He  further 
observed  that  if  10  or  more  per  cent  of  cocoa  nut  oil  be  admixed  to  butter 
fat,  the  insoluble  volatile  acids  no  longer  solidify.  (This  is  explained 
by  Polenshe  by  the  fact  that  the  volatile  acids  of  cocoa  nut  oil  contain 
large  quantities  of  capryUc  acid,  whereas  in  the  case  of  butter  fat  capric 
acid  predominates.) 

A  large  number  of  experiments  have  demonstrated  that  it  is  abso- 
lutely necessary  to  follow  the  process  in  all  its  minutest  details,  in  order 
to  obtain  concordant  results. 

If  the  LeffmanrirBeam  method  for  saponification  is  adopted,  care  must 
be  taken  to  use  exactly  20  grms.  of  glycerin  for  each  test,  since  Arnold  ^ 

'  Cp.  Vol.  I.  p.  425. 
Zeits.  f.  Unters.  d.  Nahnjs-  u.  Oewissm.,  1912,  viii.  391. 
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states  that  tlie  amount  of  insoluble  volatile  acids  varies  directly  with 
the  amount  of  glycerin.  This  is,  no  doubt,  due  to  the  higher 
boiling  point  of  the  acid  liquid.  Arnold  also  advises,  in  order  to  guide 
the  operator,  the  use  of  lard  in  a  blank  test,  the  Polenske  value  of  which 
should  be  about  0-5. 

In  the  following  table  I  reproduce  a  number  of  values  published 
by  Polenske  for  pure  butter  fats,  and  for  the  same  butter  fats  after 
they  have  been  admixed  with  10  per  cent,  15  per  cent,  and  20  per 
cent  of  cocoa  nut  oil  respectively  : — 


Number  of  c.c.  ,11,  norm. 

KOII,  -'Titration  Numbers,"  required  for  tlie  Neutralisation 
of  the 

Soluble 

Soluble 

Soluble 

Soluble 

Voliitile 

Insoluble 

Volatile 

Insoluble 

Volatile 

Insoluble 

Volatile 

Insoluble 

Acids 

Volatile 

Acids 

Volatile 

Acids 

Volatile 

Acids 

Volatile 

(R.-M. 

Acids. 

(R.-M. 

Acids. 

(R.-M. 

Acids. 

(R.-M. 

Acids. 

No. 

Value). 

Value). 

VaUie). 

.  Value). 

of 

of 

of 

Same  Butter  Fat 

Same  Butter  Fat 

Same  Butter  Fat 

01 

containing 

containing 

containing 

Pure  Butter  Fat. 

10  per  cent  of 

15  per  cent  of 

20  per  cent  of 

Cocoa  Nut  Oil. 

Cocoa  Nut  Oil. 

Cocoa  Nut  Oil. 

1 

iy  y 

J.  0^ 

18-7 

2-4 

]8-l 

2-9 

17-6 

3-3 

2 

i  ^ 

19-7 

2-3 

19-2 

3-0 

18-5 

3-6 

i  0 

21-0 

2-5 

20-4 

2-9 

19-8 

3-5 

4 

00 .0 

Z'D  0 

1  0 

22-0 

2-5 

2T5 

31 

21-0 

3-7 

5 

T  •Pi 

22-3 

2-4 

21-7 

3-1 

21-2 

3-7 

6 

23-6 

1-7 

22-5 

2-5 

21-9 

3-3 

21  '4 

4-0 

7 
8 

24-5 

1-6 

23-3 

2-5 

22-4 

3-1 

21-7 

3-7 

24-7 

1-7 

23-8 

2-9 

22-9 

3-5 

22-1 

3-9 

9 

24-8 

1-7 

23-5 

2-7 

22-7 

3-2 

10 

24-8 

1-6 

23-4 

2-5 

22-8 

3-0 

22-1 

3-6 

11 

25-0 

1-8 

23-0 

2-7 

23-3 

3-1 

21-8 

3-6 

12 

25-1 

1-6 

23-5 

2-5 

23-1 

3-0 

22-5 

3-8 

13 

25-2 

1-6 

23-4 

2-6 

22-9 

3-0 

22-3 

3-7 

14 

25-3 

1-8 

24-0 

2-9 

23-5 

3-5 

22-6 

4-1 

15 

25-4 

1-9 

24-2 

3-0 

23-7 

3-6 

22-0 

4-1 

16 

25-6 

1-7 

24-1 

2-7 

23-3 

3-1 

22-7 

3-7 

17 

25-4 

1-7 

23-8 

2-6 

23-0 

3-1 

18 

26-2 

1-9 

25  -0 

3-1 

24  -2 

3-6 

23-6 

4-0 

19 

26-5 

1-9 

25-0 

2-9 

24-1 

3-5 

23-2 

4-1 

20 

26-6 

1-8 

25  -4 

2-9 

24-6 

3-3 

23-9 

3-8 

21 

26-7 

2-0 

25-2 

3 '2 

24-5 

3-6 

23-7 

4-2 

22 

26-8 

2-0 

24-8 

3-0 

24-2 

3 '4 

23-5 

4-0 

23 

26-9 

2-1 

25-2 

2-9 

24-1 

3-6 

23-2 

4-2 

24 

26-9 

1-9 

24-9 

2-9 

21  -0 

3-3 

23-3 

4-0 

25 

27-5 

1-9 

25-7 

2-7 

21  -9 

3 '3 
3-7 

24-0 

3-9 

26 

27-8 

2-2 

2(i-0 

3-1 

25-0 

27 

28-2 

2-3 

26  ■! 

3-1 

25-1 

3-8 

24-5 

4-4 

28 

28-4 

2-3 

26-5 

3-5 

25-7 

4-0 

25-1 

4-5 

29 

28-8 

2-2 

26  -8 

3-3 

26  '0 

3-9 

4-7 

30 

28-8 

2-5 

27-1 

3-5 

26-3 

4-0 

25-4 

31 

29-4 

2-6 

27  -6 

3-8 

26-9 

4-2 

32 

29-6 

2-8 

27-5 

3-8 

26  -2 

4-2 

25-5 

4-9 

33 

29-5 

2-5 

27-4 

3-5 

26-6 

4-1 

25-4 

4-7 

34 

30-1 

3-0 

27-8 

3-8 

26 '9 

4-4 

26  -2 

5-0 

With  the  assistance  of  tliis  table  Polenske  claimed  to  be  able  to 
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calculate  quantitatively  (though  only  approximately)  the  admixed 
cocoa  nut  oU  in  an  adulterated  butter  fat,  relying  on  the  conclusion 
derived  from  the  thirty-four  given  samples,  viz.  that  the  amount  of 
alkali  required  for  the  neutralisation  of  the  insoluble  volatile  acids  is 
increased  by  0-1  c.c,  through  the  addition  of  1  per  cent  of  cocoa  nut 
oil.  An  example  may  illustrate  his  manner  of  calculation  : — A  sample 
of  butter  fat  gave  the  Reichert-Meissl  value  24-5,  and  required  for  the 
neutralisation  of  the  insoluble  volatile  fatty  acids  3-0  c.c.  of  decinormal 
alkali.  The  insoluble  volatile  acids  were  found  to  be  liquid.  Accord- 
ing to  the  foregoing  table,  a  picre  butter  fat  of  the  Reichert-Meissl 
value  24-5  requires  only  1-6  c.c.  of  decinormal  alkali  for  the  neutralisa- 
tion of  the  insoluble  volatile  acids  ;  hence,  there  was  used  an  excess 
of  3-0 -1-6  =  1-4  c.c.  for  the  neutralisation  of  the  insoluble  volatile 
fatty  acids.  The  sample  must  therefore  be  judged  to  have  been  adulter- 
ated with  cocoa  nut  oil.  Since  each  0-1  c.c.  is  taken  to  correspond  to 
1  per  cent  of  added  cocoa  nut  oil,  the  sample  would  contain  14  per  cent 
of  cocoa  nut  oil.  Examples  15  and  22  of  the  foregoing  table  (24-2  ; 
3-0  and  24-8  ;  3-0)  would  point  to  an  admixture  of  10  per  cent  of  cocoa 
nut  oil.  The  sample  which  gave  these  numbers  actually  did  contain 
10  per  cent  of  cocoa  nut  oil. 

Sundberg  dissents  fi-om  this  method  of  calculation  as  he  states 
that  it  gives  the  amount  of  cocoa  nut  oil  expressed  as  a  percentage 
of  the  butter  fat  present,  which  figure  must  be  reduced  to  the  percentage 
of  the  mixture.  He  adduces  the  following  example  as  proof  of  his 
statement : — A  mixture  containing  20  per  cent  of  cocoa  nut  oil  had  a 
Reichert-Meissl  value  of  23-7,  and  a  Polenske  value  of  4-4.  The  quantity 
of  cocoa  nut  oil  according  to  Polenske' s  tablewouldbe(4-4  -  1-7)  x  10  =  27 
per  cent. .  Expressed  in  terms  of  the  mixture,  this  figure  would  be 
reduced  to  21-3  per  cent. 

A  table  showing  the  influence  which  the  amount  of  fat  taken  exer- 
cises on  the  Reichert-Meissl  value  and  titration  number  of  the  insoluble 
volatile  acids  is  given  in  Vol.  I.  p.  536. 

Although  these  methods  must  be  considered  as  valuable  additions 
to  the  armoury  of  the  analytical  chemist,  the  fact  should  not  be  over- 
looked that  some  uncertainty  adheres  to  them,  especially  as  regards 
the  quantitative  interpretation,  since  the  value  of  these  methods  can 
be  rendered  nugatory  by  the  employment  of  smaller  quantities  of 
cocoa  nut  oil  than  10  per  cent,  or  of  a  mixture  of  cocoa  nut  oil  and 
margarine  or  of  edible  palm  kernel  oil  instead  of  cocoa  nut  oU. 

Unfortmately  the  results  obtained  by  the  two  methods  are  not 
comparable,  and  it  must  therefore  be  repeated  once  more  that  it  is 
necessary  strictly  to  adhere  to  the  working  conditions  laid  down  by 
Miintz  and  Coudon  on  the  one  hand  and  by  PolensJce  on  the  other  if  it 
be  desired  to  institute  a  comparison  with  the  above  given  figures. 
Moreover,  it  must  not  be  overlooked  that  in  the  examples  given  above 
the  composition  of  both  the  original  butter  and  the  admixed  cocoa 
nut  oil  were  known.  This  is  of  course  not  the  case  if  a  commercial 
1  Zeits./.  Unters.  d.  Nalmjs-  u.  O'enusstn.,  1913,  xxvi.  422. 
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sample  be  under  examination.  Whereas  the  composition  of  cocoa 
nut  oil  does  not  fluctuate  within  wide  limits  (see,  however,  below),  the 
vagaries  of  butter  fat  may,  in  case  only  small  additions  of  cocoa  nut 
oil  have  been  made,  entirely  nullify  the  indications  to  be  drawn  from 
the  above  given  tables. 

Polenske  in  his  original  communication  gave  a  table  setting  out 
the  maximum  permissible  titration  numbers  for  the  insoluble  volatile 
acids  of  butter  fats  corresponding  to  all  Reichert-Meissl  values  lying 
between  20  and  30.  I  have  not  reproduced  this  table,  as  in  my  own 
experience  with  different  butter  fats  examined  by  PolensJce's  method, 
I  found  that  the  assumed  regularity  which  he  had  derived  from  his 
figures  did  not  hold  good  for  my  specimens.  Thus,  whereas  Polenske 
gave  the  titration  numbers  for  the  insoluble  volatile  acids  of  butter 
fats  having  Reichert-Meissl  values  from  29  to  30  as  2-5-3-0,  with  the 
maximum  permissible  limit  of  3-5,  I  have  obtained  the  following  figures 
with  a  number  of  undoubtedly  pure  French  and  Finnish  butters  : — 


Titration  Numbers  of  Soluble  and  Insoluble  Volatile  Acids  [LewhowitscTi) 


Soluble  Volatile  Acids 
Reicliert-Meissl  Value. 

29-3 

29-31 

29-32 

29-37 

29-  96 

30-  02 
30-15 

30-  49 

31-  0 
31-41 
31-49 
31-99 


Insoluble  Volatile 
Acids. 

3-29 

3-19 

2-53 

2-80 

2-  24 

3-  27 
3-24 
3-50 

3-  06 

4-  1 
3-6 
3-03 


For  butters  obtained  from  cows  which  have  been  fed  on  turnip 
leaves,  Siegfeld  ^  found  the  following  titration  numbers  : — 


Soluble  Volatile  Acids 
Keichert-Meisal  Value, 

35-35 

40-30 

30-]  5 

30-  45 
33-45 

31-  60 
29-1 
24-45 


Insoluble  Volatile 
Acids. 

5-  00 

6-  20 
3-30 

3-  10 

4-  40 
4-90 
4-05 
2-05 


It  must  be  conceded  that  in  the  face  of  these  numbers  no  fixed 
I'ule  as  to  maximum  permissible  numbers,  and  consequently  as  to 
the  presence  of  cocoa  nut  oil  in  the  case  of  an  unknown  sample,  can 


'  Zeits.f.  Unlers.  d.  Nahrgs-  u.  Oenuasm.,  1909  (xvii.),  ]79. 
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be  derived  from  the  titration  numbers  of  tbe  insoluble  volatile  acids, 
althougli  Bartliel  and  Sonden'^  state  that  a  large  number  of  Swedish 
butters  examined  by  them  dming  the  years  1904  to  1912  never  showed 
figures  for  the  insoluble  volatile  acids  exceeding  those  given  by  Polenshe. 
It  should,  further,  be  added  that  the  limits  given  by  Polenske  for  the 
insoluble  volatile  acids  of  cocoa  nut  oil  cannot  be  accepted  as  having 
general  applicability,  for  I  have  found  for  a  number  of  edible  cocoa 
nut  oils  of  the  Reichert-Meissl  values  7-32  to  7-5,  titration  numbers 
of  the  insoluble  volatile  acids  lying  between  15-49  and  20-45.  Ihirther- 
more,  it  should  be  noted  that  if  palm  kernel  oil  instead  of  cocoa  nut 
oil  be  admixed  with  butter  fat  much  smaller  titration  numbers  will 
be  found  for  the  insoluble  volatile  acids,  since  palm  kernel  oil  yields, 
in  Polenshe' s  test,  numbers  lying  between  10  and  12. 

Whereas  the  method  proposed  by  Miintz  and  Coudon  has  not  been 
made  the  subject  of  further  publications,  a  large  number  of  observers 
have  repeated  Polenshe' s  experiments,  and  have  confirmed  the  strictures 
I  have  expressed  above.  Amongst  those  observers  are  Eesse^  Wied- 
mann~  Arnold,^  Farnsteiner,^  0.  Jensen,'^  Luhrig^  Siegfeld,^  Kuhn,^ 
Rideal  and  Harrison-^^  Thorp,^  Kuhn^  Fritzsche,'^^  Tatloch  and 
Thomson,^'*^  and  H.  T.  Cranjield}^  Siegfeld  has  published  a  considerable 
number  of  analyses  of  genuine  butters,  and  has  shown  that  the  general- 
isation expressed  by  Polenshe' s  additional  table  (omitted  in  this  work) 
does  not  hold  good,  that  wide  deviations  therefrom  must  be  allowed, 
and  that  the  titration  numbers  of  the  insoluble  volatile  acids  are  subject 
to  the  same  fluctuations  as  the  Reichert-Meissl  values.  Nay,  it  has  even 
been  demonstrated  that  through  the  vagaries  of  butter  fat  the  titration 
numbers  of  the  insoluble  volatile  acids  are  liable  to  greater  fluctuations 
than  the  Reichert-Meissl  numbers  themselves.i"  The  titration  numbers 
appear  to  vary  much  more  through  the  influence  of  food  than  does 
the  Reichert-Meissl  number,  especially  if  cocoa  nut  cake  has  been  used. 

Nor  have  more  recent  observations  confirmed  Polenshe's  statement 
that  the  insoluble  volatile  acids  of  butter  fat  no  longer  solidify  in  case 
10  per  cent  or  more  of  cocoa  nut  oil  have  been  admixed  with  the  butter. 
For  I  have  frequently  observed  that  genume  butters  with  high  Reichert- 
Meissl  values  yielded  insoluble  volatile  acids,  wHch  did  not  sohdify 

at  15°  C.  ,    .    J  -  ^1 

It  must,  therefore,  be  concluded  that  the  results  obtamed  m  tlie 
determination  of  the  insoluble  volatile  acids  by  either  method  must 

1  Zeits.f.  Unters.  d.  Nahrgs-  u.  Genussin.,  1914,  xxvii.  439. 

2  Milchw.  Centrum.,  1905,  i.  13. 

3  Molherei  Zeit.  Iliklesheim,  1904,  18,  29. 

*  Zeits.f.  Unters.  d.  Nahrgs-  u.  Oenussm.,  1905,  x.  202. 

=  Ibid.,  1905,  X.  51.  7  7-A-7   iQftfi  vi  14 

«  Ibid.,  1905,  X.  276.  '  Ibrd.,  1906,  xi.  14. 

8  Milchw.  Oenlralbl.,  1906  (4),  289  (7),  145. 
0  IbiiL,  1907,  xiv.  741. 

10  ^n«Z2/.U906,  256.  ^    .    "  i^'^-  1906,  35/. 

1-  Zeits.f.  Unters.  d.  Nahrgs- u.  Oenussm.,  1907,  xiv.  ii6. 

13  Ibid.,  1908,  XV.  193. 

1^  Journ.  Soc.  Chem.  Ind.,  1909,  69. 

Analyst,  1911,  p.  446.  ■•  n  o-r 

C!}).  Zeits.  f.  Unters.  d.  Nahrgs-  n.  Oenussm.,  1909  (xvn.;,  61. 
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be  looked  upon  with  great  circumspection,  and  that  no  definite  con- 
clusions can  be  drawn,  unless  they  are  supported  by  other  evidence — 
chiefly  the  phytosteryl  acetate  test  (see  below). 

It  should  be  remembered  that  when  cows  are  fed  with  cocoa  nut 
cake  their  milk  fat  simulates,  in  its  chemical  composition,  a  butter 
fat  to  which  small  quantities  of  cocoa  nut  oil  have  been  admixed,  in 
that  it  exhibits  a  low  Reichert  value  and  a  high  saponification  value,  and 
also  a  high  titration  number  of  the  insoluble  volatile  fatty  acids.  This 
pitfall  should  at  present  be  especially  guarded  against,  as  in  conse- 
quence of  the  enormous  expansion  of  the  edible  cocoa  nut  oil  industry 
very  large  quantities  of  cocoa  nut  cake  are  given  to  milch  cows  (see 
p.  633).  Though  butters  obtained  from  cows  so  fed  are  genuine  they 
may  raise  grave  suspicions  in  the  mind  of  the  analyst  when  "  abnormal  " 
figures  are  obtained. 

To  give  an  example,  Juckenach  and  Pasternack  ^  have  published 
the  following  analyses  of  two  genuine  butter  fats,  which  were  looked 
upon  as  extremely  suspicious  on  account  of  the  analytical  data  which 


they  furnished : — 

Butter  No.  1.  Butter  No.  2. 

Saponification  value      .....    236-95  235-80 

Reiohert-Meissl  value     .         .         .         .         .     27-05  27-15 

Titration  number  of  insoluble  volatile  acids  .         .       3-50  2-40 

Mean  Molecular  Weight  of  the  insoluble  fatty  acids    253-05  252-45 


It  should  further  be  borne  in  mind  that  feeding  with  turnips,  or 
turnip  leaves,  increases  the  titration  numbers  of  the  insoluble  volatile 
fatty  acids  in  a  much  higher  degree  than  the  titration  numbers  of  the 
soluble  volatile  fatty  acids  {Reichert-Meissl  values),  so  that  also  through 
this  cause  unjustified  suspicion  may  be  raised  against  butters  in  which 
the  proportion  of  insoluble  volatile  to  soluble  volatile  acids  deviates 
considerably  from  the  figures  quoted  above. ^ 

In  such  cases  it  is  absolutely  necessary  to  have  recourse  to  the 
phytostepyl  acetate  test,  as  this  leads  unmistakably  to  the  detec- 
tion of  cocoa  nut  oil,  for  it  has  been  pointed  out  (p.  670)  that  numerous 
experiments  have  demonstrated  that  any  phytosterol  given  with  the 
food  does  not  pass  into  the  milk  fat.  Therefore  it  is  easy  to  distin- 
guish butter  fats  to  which  cocoa  nut  oil  has  been  added  fraudulently 
from  those  butter  fats  which  simulate  adulterated  specimens  through 
the  fact  that  the  milch  cows  have  been  fed  with  cocoa  nut  cake.  Since 
the  phytosteryl  acetate  test  reveals  the  smallest  quantities  of  vegetable 
fat  present,  it  is  possible  by  this  means  to  detect  with  certainty  10  per 
cent  (and  even  less)  of  fraudulently  added  cocoa  nut  oil. 

In  order  to  prove  this  by  actual  experiments  the  author  prepared 
mixtures  of  pure  butter  with  10  per  cent  of  cocoa  nut  oils,  containing 
0-23  per  cent  and  0-179  per  cent  respectively  of  unsaponifiable  matter. 
In  the  following  table  the  results  of  this  examination  are  tabulated  : — 


Zeits.f.  UiUer.i.  d.  Nahrgs-  u.  (/cnussm.,  1906,  xi.  159. 
2  (Panl  and  Aiiil.crgiii  ),  ildd.,  1909,  ii.  237. 
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Phijtosteryl  Acetate  Test  with  pure  Butter  Fat,  pure  Cocoa  Nut  Oil,  and  with 
a  Mixture  containing  10  per  cent  of  Cocoa  Nut  Oil  (Lewkowitsch) 


Pure 
"  c. 

Pure  Cocoa 
Niii  Oil 

'  c. 

Mixture  of  pure  Butter  Fat 
with  10  per  cent  of  Cocoa  Nut 
Oil,  yielding  Unsaponiliable 
Matter. 

0-23  per  cent. 

0-179  per  cent. 

Melting  point  of  2nd  crop  of  crystals  . 

112 

129-130 

115-117 

113-5 

Do.           5th  do. 

113-5 

123-124 

123-0 

Do.           7th  do. 

113-5 

This  is  confirmed  by  Kedrevitsch,^  who  found  0-09  to  0-3  per  cent  of 
crude  phytosterol  yielding  an  acetate  melting  at  122  to  125°  C.  in  cocoa 
nut  oil,  whereas  butter  fat  contained  0-3  per  cent  of  crude  cholesterol 
yielding  an  acetate  melting  at  113  to  113-5°  C. 

It  should  not  be  forgotten  that  the  information  furnished  by  the 
phytosteryl  acetate  test,  as  carried  out  ordinarily,  may  be  rendered 
nugatory  by  the  fraudulent  addition  of  a  small  amount  of  paraffin 
wax  to  the  butter  fat.  It  has  been  shown  above  ("  Lard,"  p.  719) 
how  the  paraffin  wax  can  be  eliminated,  so  that  the  indications  of  the 
phytosteryl  acetate  test  become  absolutely  reliable. 

I  wish  to  emphasise  again  that,  if  serious  errors  are  to  be  avoided, 
in  each  doubtfid  case  the  indications  of  the  insoluble  volatile  acid  test 
must  be  supplemented  by  the  phytosteryl  acetate  test. 

Altogether  futile  must  be  judged  the  attempt  of  some  analysts  to 
derive  the  conclusion  that  an  admixture  of  beef  fat  or  lard  has  taken 
place  if  only  low  titration  numbers  for  the  insoluble  volatile  acids  are 
found.  This  erroneous  conclusion  had  indeed  been  propounded  within 
the  author's  experience  in  the  case  of  a  number  of  butter  fats  havmg 
Reichert-Meissl  values  of  about  25-6  to  26-2,  and  the  titration  numbers 
(for  the  insoluble  volatile  acids)  2-01  to  2-06,  because  the  additional 
table  published  by  Polenske  (omitted  here  for  the  reasons  stated  above) 
indicated  that  the  titration  number  should  be  2-4.2  need  hardly  be 
pointed  out  that  conclusions  resting  on  such  slavish  adherence  to  figures 
derived  from  too  small  a  number  of  observations  on  butters  produced 
within  a  limited  area  are  entirely  devoid  of  general  applicabUity. 
Emphasis  should  be  laid  on  this,  since  it  may  happen  that  a  miscarriage 
of  justice  may  follow,  especially  if,  on  the  strength  of  such  erroneous 

1  Zeits.  f.  Unlers.  d.  Nahnjs-  u.  Genussm.,  1912  (.\xiv.),  334  u„„„n,pr 

2  In  fact,  as  palndtic  acid  distils  over  under  the  conditions  of  the  test  .n       f  ^og  th 
negligible  quantities  (cp.  e.<j.  table,  p.  700),  the  titration  number  f  "'^°'>'^1« 
acids^of  mLxtures  of  butter  fat  and  lard  or  tallow  are  slightly  raised.    Of  ""'^ J?"^^ 
guard  against  falling  into  the  error  of  attributing  this  to  the  presence  of  cocoa  nut  oil. 
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conclusions,  the  amount  of  supposed  beef  fat  or  lard  be  calculated 
with  the  help  of  the  "  rule  of  three." 

The  presence  of  cocoa  nut  oil  in  butter  fat  can  also  be  detected  by- 
resolving  the  suspected  butter  fat  into  two  fractions,  with  95  per  cent 
alcohol  (m  the  manner  described  under  "  Lard/'  p.  699),  and  examin- 
ing each  fraction  separately.  This  is  illustrated  by  the  following  table 
due  to  Arnold  ^  : — 


1  Zeits.  f.  Untcrs.  d.  Nahrgs-  u.  Gmiissm.,  1907,  xiv.  195.  Cp.  calso  table,  p.  811, 
for  pure  butter  fat. 
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In  conclusion  it  should  be  pointed  out  that  the  determination  of 
the  titration  number  of  the  insoluble  volatile  acids  is  usefully  supple- 
mented by  the  phytosteryl  acetate  test,  which  in  its  present  form  does 
not  admit  of  quantitative  interpretation,  and  which  obviously  becomes 
useless  in  case  a  margarine  "  earmarked  "  with  sesame  .oil  or  containing 
other  vegetable  oils  and  fats  has  been  employed  as  an  adulterant. 

As  a  qualitative  test,  capable  of  indicating  5  per  cent  or  10  per 
cent  of  cocoa  nut  oil  in  butter  fat,  Hinks  ^  recommends  the  following 
method  :  5  c.c.  of  the  melted  and  filtered  fat  are  dissolved  in  10  c.c.  of 
ether  in  a  test  tube  which  is  then  corked  up  and  placed  in  ice.  In 
the  com-se  of  half  an  hour  a  certain  amount  of  solid  glycerides  will 
be  found  to  have  separated  out,  leaving  a  clear  ethereal  solution  as  an 
upper  layer.  The  ether  is  poured  on  a  filter  and  filtered  rapidly. 
The  ethereal  solution  is  evaporated  down  on  the  water  bath,  the  re- 
sidual fat  brought  into  a  test  tube  and  boiled  with  three  to  four  times 
its  volume  of  96-97  per  cent  alcohol,  in  order  to  effect  complete  solution. 
On  allowing  the  solution  to  cool  to  the  ordinary  temperature,  most  of 
the  fat  separates.  The  tube  is  placed  next  in  water  at  5°  C,  and 
kept  at  that  temperature  for  fifteen  minutes.  The  alcoholic  layer  is 
then  rapidly  filtered  into  another  test  tube,  which  is  placed  in  ice, 
and  kept  at  0°  C.  for  two  or  three  hours.  A  flocculent  deposit  soon 
separates  out.  A  portion  having  been  withdrawn  by  the  aid  of  a 
wide-mouthed  pipette  and  placed  on  a  slide,  the  crystals  are  examined 
microscopically  under  a  magnification  of  250-300,  care  being  taken  that 
the  crystals  are  not  broken  by  pressing  the  cover  on  the  slide. 

The  glycerides  deposited  from  pure  butter  fat  form  round  granular 
masses,  whereas  cocoa  nut  oil  yields  fine  needle-shaped  crystals,^  the 
forms  of  which  can  be  readily  observed  even  at  a  lower  power  than 
250.  In  the  case  of  a  mixture  of  cocoa  nut  oil  and  butter  fat,  the 
deposit  shows  granular  butter  fat  spheres  side  by  side  with  numerous 
small,  very  fine,  almost  feathery  crystals.  These  will  generally  be 
found  attached  to  the  butter  fat  granules,  but  sometimes  they  form 
clusters  by  themselves,  their  characteristic  appearance  being  that  of 
a  mass  of  crystals  growing  from  the  side  of  the  butter  granules.  Hinks 
states  that  the  presence  of  10  per  cent  of  beef  fat,  cotton  seed  oil,  or 
sesame  oil  does  not  mask  the  presence  of  cocoa  nut  oil.  Lard,  how- 
ever, does  not  interfere  with  this  test,  inasmuch  as,  treated  by  this 
process,  lard  yields  stellate  clusters  of  crystals  which  almost  completely 
suppress  the  granular  appearance  of  the  butter  fat  crystals. 

It  should  be  noted  that  alcohol  of  less  strength  than  95  per  cent 
is  inadmissible,  since  butter  fat  has  the  tendency  to  assume  crystalline 
form  on  separating  from  weaker  alcohol.  As  the  deposit  is  soluble 
in  alcohol  at  the  ordinary  temperature,  or  at  any  rate  loses  its  crystal- 
line form,  the  microscopical  examination  must  be  conducted  rapidly. 
If  the  temperature  of  the  room  should  be  somewhat  high,  the  slide  must 

'  A  nalynt,  1907,  160  ;  cp.  Ceaaro,  vol.  i.  366. 

^  Til  is  }i,as  also  been  obHorved  by  Morres  {ZeU.i.  f.  (Inters,  d.  Nahrrjs-  u.  Qcnussm., 
1911,  xxi.  432),  who  states  that  tallow,  lard,  and  cocoa  nut  oil  yield  needle-shaped 
crystals. 
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be  kept  coo!  on  a  shallow  glass  dish  containing  clear  lumps  of  ice. 
Hinks  concludes  from  several  experiments  that  the  feeding  of  cows 


Fig.  10.— Pure  Butter.    200  diara. 


Fig.  17.— Pure  Cocoa  Nut  Oil.   70  diam. 


with  cocoa  nut  cake  does  not  interfere  with  this  test.i  Further  indica 
tions  are  furnished  by  the  microscopical  slides  reproduced  here.^ 

1  Cp.,  however,  Laliaclie,  Jourii.  Pharm.  Chem.,  1903  (18),  338. 
^  These  photomicrographs  were  prepared  by  E.  B.  Bolton. 
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Hoton,  who  advocates  the  examination  of  butter  in  polarised  light 
for  the  detection  of  cocoa  nut  oil,  attaches  too  much  importance  to 


Fig.  18. — Butter  containing  5  per  cent  of  Cocoa  Nut  Oil.    200  diam 


FiQ,  1!). — Butter  containing  10  per  cent  o£  Cocoa  Nut  Oil.    200  diam. 

the  value  of  the  microscopical  appearance,  as  the  whole  art  of  butter 
manufacture  is  to  prevent  the  crystallisation  of  the  glycerides. 
VOL.  II  3  1 
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The  butters  obtained  from  cows  fed  on  cocoa  nut  cake  yield  by 
alcoholic  extraction  glycerides  simulating  in  their  physical  charac- 
teristics (refractive  index,  critical  temperature,  melting  point,  and 
microscopical  appearance)  ^  the  glycerides  obtained  from  cocoa  nut 
oil.  A  grave  miscarriage  of  justice  may  therefore  occur  if  the  analyst 
relies  on  these  methods  without  having  recourse  to  the  phytosteryl 
acetate  test. 

A  considerable  number  of  other  methods  aiming  at  the  detection 
of  cocoa  nut  oil  in  butter  fat  are  omitted  here,  for  the  reason  that  they 
do  not  furnish  better  results  than  can  be  obtained  by  the  methods 
detailed  above. ^ 

Wauters  recommends  also  the  microscopic  examination. 

There  may,  however,  be  mentioned  specifically  two  methods  pub- 
lished recently  by  Fendler  ^  as  they  embody  new  principles,  although 
it  is  hardly  likely  that  they  will  supersede  the  foregoing  methods  (viz. 
Muntz  and  Condon's,  and  PolensJce's).  The  first  method  is  carried  out 
in  conjunction  with  the  determination  of  the  Reichert-Meissl  value. 
Fendler  dissolves  those  fatty  acids  from  5  grms.  of  butter  fat,  which 
are  left  after  distilling  off  the  volatile  acids  by  the  Reichert  process, 
in  50  c.c.  of  petroleum  ether,  distributes  25  c.c.  of  the  petroleum  ether 
solution  over  10  grms.  of  powdei'ed  and  dried  pumice,  evaporates  off 
carefully  the  petroleum  ether,  and  treats  with  50  c.c.  of  alcohol  of  the 
specific  gravity  0-9123  at  15°  C.  (60  per  cent  by  volume).  An  ac- 
curately measured  portion  of  the  alcoholic  filtrate  is  then  titrated  with 
decinormal  alkali,  and  thus  the  amount  of  c.c.  of  decinormal  alkali 
required  to  saturate  the  non-volatile  acids  obtained  by  the  described 
process  is  calculated.  Pure  butter  fat  requires  under  these  conditions 
40-48  c.c.  of  decinormal  alkali,  whereas  palm  nut  oil  requires  188  c.c. 
and  cocoa  nut  oil  from  192  to  205  c.c.  The  second  method  is  based  on 
the  determination  of  the  ethylesters  boiling  up  to  300°  C.  For  this 
second  method  cp.  Vol.  I.  Chap.  XII.  For  a  method  based  on  the 
solubility  of  the  salts  of  the  fatty  acids  cp.  Shrewsbury  and  Knapp. 

If  vegetable  fats  have  been  proved  to  be  absent,  and  yet  Reichert- 
Meissl  values  are  obtained  which  leave  a  doubt  as  to  the  genumeness 
of  the  butter,  then  only  admixture  of  animal  fats  can  be  suspected. 
In  that  case  corroborative  evidence  should  be  sought  in  the  determina- 
tion of  the  saponification  value. 

1  Falsifications  el  tribunaux,  by  L.  Leroux,  Anvers,  1911,  93.  j  «„/„,/ 

2  Cassal  and  Gerraus,  Chevi.  News,  1910,  190  ;  Slirewsbury  and  Knapp,  Analyst, 
1910,  385  ;  Bliclifeldt,  Journ.  Soc.  Chem.  hid.,  1910,  792. 

^  Arhehen  a.  d.  Pharm.  Inst.  d.  Univ.  Berlin,  1908.    Tlie  author  states  tl.at  the 
method  has  been  worked  out  in  1903. 
*  Analyst,  1910,  385. 
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Saponification  Value 

As  indicated  in  the  table  (p.  804)  the  mean  saponification  value  of 
butter  fat  may  be  taken  as  227. 

Butter  fats  that  yield  abnormal  Reichert-Meissl  values  also  give 
abnormal  saponification  values,  so  that,  to  take  an  example,  the  saponi- 
fication value  may  drop  in  the  last  stages  of  lactation  to  218-5.  It 
need  hardly  be  repeated  here  that  a  "  correct  "  saponification  value 
alone  is  no  proof  of  purity,  for  it  is  very  easy  to  prepare  mixtures  of 
oleomargarine  and  cocoa  nut  oil  having  the  mean  saponification  value 
of  227.  The  saponification  value  is  best  collated  with  the  Reichert 
value.  It  has  been  shown  above  (p.  830)  that  when  an  abnormally 
high  saponification  value  is  associated  with  a  low  Reichert  value,  the 
presence  of  cocoa  nut  oU  may  be  suspected.  This,  however,  must 
not  be  looked  upon  as  a  rule,  for  Olig  and  Tillman  ^  have  shown  that 
some  undoubtedly  genuine  Dutch  butters  behave  abnormally,  in  that 
high  Reichert-Meissl  values  are  associated  with  low  saponification 
values,  and  vice  versa.  Thus,  a  butter  of  the  Reichert-Meissl  value 
30-1  had  the  saponification  value  224-6,  and  butter  of  the  Reichert- 
Meissl  value  26-1  had  the  saponification  value  232-6.  Abnormalities  (if 
such  a  term  be  permitted)  of  this  kind  can  onl)^  be  due  to  the  butter 
fat  in  the  latter  case  containing  a  larger  amount  of  myristic  and  lauric 
acid  than  in  the  former  (see  below). 

It  should  not  be  forgotten  that  the  saponification  value  depends 
on  the  vagaries  of  butter  fat  in  the  same  manner  as  does  the  Reichert- 
Meissl  value.  Thus  the  above-mentioned  abnormal  butters,  described 
under  the  heading  of  "  Idiosyncrasy,"  gave  the  following  values  : — 


SaponiflcatioD  Value. 

Reichert-Meissl  Vslne. 

Mean  Molecular  Weight 
of  tlie  Insoluble 
Fatty  Acids. 

209-0 

17-6 

269-6 

21  .^i -3 

23-6 

268-4 

212-4 

22-2 

267-0 

Butter  fats  having  very  high  saponification  values  can  be  pro- 
duced through  feeding  the  cows  with  turnips  or  turnip  leaves.  Thus 
Siegfeld  ^  obtained  in  experiments  made  with  a  herd  of  cows  the 
following  numbers  : — 


Zeila.f.  Unlers.  d.  Nahrgs-  n.  Oenu.i.vn.,  1906,  xi.  86. 
«  J  bid.,  1907,  xiii.  517. 
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Saponiflcation  Values. 

Fed  vrithout  Tnmips. 

Fed  with  Turnips. 

Herd  No.  I. 
Herd  No.  11. 
Herd  No.  III. 

224-235 
224-230 
230  •6-233-1 

238-241-4 
233-242-5 
233-243-5 

Of  less  decisive  importance  for  judging  the  purity  of  butter  fat 
than  the  refractive  index,  the  Reichert-Meissl  value,  the  titration  number 
of  the  insoluble  volatile  acids,  and  the  saponification  value,  are  the 
specific  gravity  and  the  iodine  value.  As  some  analysts  still  determine 
these  characteristics  in  the  examination  of  butter  fat,  either  in  order 
to  obtain  additional  information  or  in  the  beUef  that  these  numbers 
constitute  valuable  criteria,  they  must  be  discussed  here  briefly. 


Specific  Gravity 

J.  Bell,  who  first  proposed  the  determination  of  the  specific  gravity 
as  a  critical  test  for  the  examination  of  butter  fat,  chose  the  temperature 
of  100°  F.  =  37-8°  C,  and  used  an  ordinary  pear-shaped  specific  gravity 
bottle.  In  the  examination  of  a  large  number  of  samples  he  found 
that  the  experimental  values  vary  within  the  narrow  limits  of  0-911  and 
0-913.  In  the  subjoined  table  I  collate  the  specific  gravities  of  genuine 
butter  fats  and  some  other  fats  likely  to  be  used  as  adulterants ;  all 
numbers  refer  to  the  temperature  of  100°  F. 


Specific  Gravities  of  Butter  Fats  and  Butter  Adulterants 


Kind  of  Fat. 

Specific  Gravity  at 
100°  P.  =  37-8°  C. 
(water  at  3T-8=1). 

Observer. 

Genuine  butter  fat,  113  samples  . 
>i      >i    357  „ 
„      ,>    368      „  . 
Mutton  suet       .       .       ■  - 
Beef  suet     .       .       .       •  • 
Oleomargarine     .       .       •  • 
Cocoa  nut  oil       .       .       ■  • 
Lard  

0-911-0-913 
0-9101-0-9130 
0-9100-0-9200 
0-90283 
0-90372 
0-90136-0-90384 
0-910-0-9167 
0-905-0-907 

Bell 
Thorpe 
V.  Rijn 

Bell 
}i 

(cp.  p!  64.f)) 
(  707) 

From  the  last  table,  as  also  from  the  table  given  in  Vol  I.  Chap.  V., 
the  fact  will  be  gathered  that  cocoa  nut  and  palm  nut  oils,  if  present 
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in  small  quantities,  cannot  be  detected  by  the  specific  gravity  test  alone. 
It  further  follows  that  a  judiciously  prepared  mixture  of  cocoa  nut  oil 
with  animal  oils  can  be  incorporated  with  butter  fat,  without  being 
detected  by  an  abnormal  specific  gravity  number. 

The  importance  which  some  analysts  ascribe  to  the  specific  gravity 
test  in  judging  butter  fat  is  entirely  unjustifiable.  For  this  test  would 
hardly  lead  to  the  detection  of  smaller  quantities  of  an  adulterant  than 
30  per  centj  an  amount  which  is  revealed  with  the  greatest  ease  by 
some  of  the  foregoing  methods.  The  over-estimation  still  accorded  to 
the  specific  gravity  test  dates  back  to  the  time  before  the  more  modern 
methods  had  been  discovered.  Since  these  have  come  into  vogue  the 
specific  gravity  test  has  lost  its  importance,  even  as  a  corroborative 
test,  for  such  gross  adulterations  as  can  be  detected  with  the  help  of 
the  specific  gra"vity  test  alone  are  hardly  practised  nowadays. 

The  scientific  explanation  for  the  foregoing  statements  must  be 
found  in  the  fact  that  the  slight  influence  which  the  few  per  cent  of 
volatile  fatty  acids  exercise,  is  completely  outbalanced  by  slight  varia- 
tions in  the  composition  of  the  remaining  94  per  cent  of  insolnble 
fatty  acids.  This  may  be  gathered  from  the  numbers  collated  in  the 
following  table : — 


Specific  Gravity  of  Fatty  Acids  occurring  in  Butter  Fat 


Acid. 

At°C. 

Speoiflo  Gravity. 

Butyric .... 

20/4 

0-9590 

Capi  oic  .... 

20/4 

0-9274 

Capiylic 

20/4 

0-9100 

Capric  .... 

•  40/4 

0-8858 

Laurie  .... 

20/4 

0-883 

Laurie  .... 

BO/4 

0-8642 

Myristie 

60/4 

0-8584 

Palmitic 

62/4 

0-8527 

Stearic  .... 

69-2/4 

0-8454 

Oleic  .... 

11-8/4 

0-8908 

Oleic  .... 

78-4/4 

0-8540 

Since  the  older  literature  contains  a  number  of  specific  gravities  to 
which  reference  is  still  being  made,  and  as  some  countries  stipulate 
in  their  laws  and  regulations  (see  p.  813)  certain  specific  gravities,  it 
may  be  found  useful  to  have  them  here  reproduced. 

Violette  ^  had  stated  that  by  means  of  a  density  determination 
alone  butters  may  be  rapidly  sorted  into  three  classes,  viz.  (a)  those 
undoubtedly  adulterated  with  margarine,  or  with  arachis,  sesame,  and 
poppy  seed  oils  ;  (b)  those  open  to  suspicion ;  (c)  those  that  may  be 
considered  practically  pure. 

In  the  light  of  the  above  given  explanations  this  statement  cannot 
be  considered  as  correct. 


1  Compt.  rend.,  1893  (117),  856. 
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Nothing  is  gained  by  determining  the  specific  gravity  in  vacuo  as 
Violetle  proposes.    His  numbers  may,  however,  be  recorded  here  : — 

,         .  At  100°  C.  weighs  in  vacuo 

1  cc.  ot  Qrms. 

Genuine  butter  .  .  .  0-86328-0-86425 
Margarine     ....  0-85766-0-85865 

Skakveit,  having  found  that  the  differences  in  the  specific  gravities 
of  butter  fats  and  of  fats  Hkely  to  be  used  as  adrdterants  are  greatest 
at  35°  C,  makes  his  determinations  at  this  temperature.  His  results 
are  given  in  the  following  table  : — 


Temperature. 

Lai-rt. 

Margarine. 

"Butterine." 

Butter  F.it. 

°C. 

35 
50 
60 
70 
80 
90 
100 

0-9019 
0-8923 
0-8859 
0-8795 
0-8731 
0-8668 
0-8605 

0-9017 
0-8921 
0-8857 
0-8793 
0-8729 
0-8665 
0-8601 

0-9019 

0-8923 
0-8858 
0-8793 
0-8728 
0-8663 
0-8598 

0-9121 
0-9017 
0-8948 
0-8879 
0-8810 
0-8741 
0-8672 

Other  chemists  prefer  to  determine  the  specific  gravity  at  100°  C. 
(water  at  15°  C.  =  l)  ;  the  results  recorded  by  the  different  observers 
agree  in  a  satisfactory  manner  : — 

Fat. 

Koenigs. 

Sell. 

Allen. 

Genuine  butter 

Beef  tallow  .... 

Lard  

Oleomargarine  .... 
Adulterated  butter  . 

0-866-0-868 
0-859-0-865 

• 

0-866-0-868 

0-859-0-8605 

0-860-0-8605 

0-859-0-860 

0-864-0-865 

At  99°  C,  water 
16-5  =  1. 

0-867-0-870 
0-8585-0-8625 

The  following  specific  gravities  at  100°  C,  referring  to  water  of 
100°  C.  as  unit,  have  been  recorded  : — 


Specific  Gravities  at  100°  C,  Water  at  100°  C.  =  1 


Fat. 

J.  BeU. 

Muter. 

Allen. 

Genuine  butter  fat 
Oleomargarine  . 

0-9094-0-9140 
0-9014-0-9038 

0-9105-0-9138 
0-903-0-906 

0-9099-0-9132 
0-902-0-905 
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Iodine  Value 

The  iodine  value  is  of  very  little  importance  in  the  examination  of 
butter  fats.  This  is  shown^  in  the  first  instance,  by  the  great  variations 
in  the  numbers  recorded  in  the  table,  p.  804.  The  amount  of  un- 
saturated fatty  acids  in  a  butter  fat  is  greatly  influenced  by  the  kind 
of  oil  or  fat  given  to  the  cow  with  the  food.  Since  the  amount  of  un- 
saturated fatty  acids  influences  the  refractometric  constant  (pp.  667, 
819),  the  indications  furnished  by  the  iodine  value  are  implicitly  given 
by  the  refractometer  numbers  of  the  sample. 

It  should  further  be  emphasised  that  all  those  influences  which 
tend  to  reduce  the  amount  of  volatile  fatty  acids,  apart  from  the 
influence  of  food,  pro  tanto  increase  the  iodine  value.  Thus  Farn- 
steiner  and,  KarscJi  found  the  iodine  value  of  butter  fat  obtained  from 
cows  that  had  been  in  milk  for  a  long  time  as  high  as  49-7.  Exception- 
ally high  values — 52-4  and  53-3 — were  observed  by  Siegfeld} 

Exceedingly  low  iodine  values  are  obtained  in  the  case  of  butter 
fats  from  cows  fed  on  turnips  and  turnip  leaves..  Siegfeld,^  as  also 
Amberger,^  observed  as  low  iodine  values  as  22-5,  23-0,  23-4,  23-8,  23-9, 
26-2,  26-5,  26-7  (see  above). 

Of  still  minor  importance  is  the  determination  of  the  insoluble 
fatty  acids  ( +  unsaponifiahle) ,  and  of  the  mean  molecular  weight  of  the 
insoluble  fatty  acids. 

The  determination  of  the  amount  of  insoluble  fatty  acids  (see  table, 
p.  806)  is  very  rarely  carried  out  at  present  in  the  examination  of 
biitter  fat,  since  the  test  has  been  entirely  superseded  by  the  deter- 
mination of  the  soluble  volatile  acids  by  ReicherVs  process.  More- 
over, the  indications  furnished  by  this  test  are  too  uncertain  to  admit 
of  fixing,  even  approximately,  the  amount  of  any  adulterant  added. 
Even  if  normal  numbers  are  found,  they  afford  no  proof  of  the  purity 
of  the  sample.  It  should  further  be  noted  that  the  washing  out  of  a 
larger  or  smaller  amount  of  lauric  acid  from  the  insoluble  fatty  acids 
causes  an  appreciable  error  and  corresponding  uncertainty. 

The  determination  of  the  mean  molecular  weight  of  the  insoluble 
fatly  acids  has  been  proposed  by  several  observers  as  a  critical  test, 
but  inasmuch  as  the  Reichert  value  and  the  saponification  values 
furnish  implicitly  the  same  information,  no  further  insight  into  the 
composition  of  the  sample  is  gained.  Some  observers  have  even 
carried  out  complicated  calculations,  without  noticing  that  they  were 
introducing  at  the  outset  into  their  equations  the  result  they  hoped 
to  obtain. 

A  synopsis  of  a  number  of  determinations  carried  out  with  357 

1  a/t<:m.  Zcil.,  1908,  506. 
"  Zeits.f.  Unters.  d.  Nahrfjs-  u.  Genussm.,  1007,  xiii.  521. 
»  Ibid.,  1907,  xiii.  614. 
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samples  of  English  butter  fats  {Thorpe  ^)  is  reproduced  in  the  following 
table  : — 


I. 

II. 

III. 

IV. 

V. 

VI. 

VI  T 

No.  of 
Samples. 

ButjTO- 

refracto- 
meter  at 
45°  C. 
"Degrees." 

Reicliert- 
WoUny 
Value. 

Specific 
Gravity  at 

37 -S"  ^• 

Saponifica- 
tion Value.2 

In.soluble 

Acids. 
Per  cent. 

Mean 
Molecular 
Weight  of 
Insoluble 
Acids. 

7 

17 
15 
27 
37 
51 
78 
56 
41 
18 
10 

42-0 
41-5 
41-5 
41-3 
41-0 
40-6 
40-1 
40 '1 
39-9 
39-7 
39-4 

22-  5 

23-  5 

24-  5 

25-  5 
26 '5 

27-  5 

28-  8 
29*5 

30-  5 

31-  3 

32-  6 

0-9101 
0-9104 
0-9108 
0-9110 
0-9113 
0-9114 
0-9118 
0-9120 
0-9123 
0-9125 
0-9130 

219-65 
221-39 
223-24 
223-41 

225-  39 

226-  75 

228-  32 

229-  91 

231-  43 

232-  30 
232-58 

90-1 
89-7 
89-4 
89-3 
00  y 
88-7 
88-4 
88-3 
87-9 
87-9 
87-7 

266-9 
265-5 
265-0 
■^64-2 

Ofli  •n 
zoi  y 

261-7 

260-9 

259-  6 

260-  1 
258-0 
257-8 

357 

The  numbers  of  the  foregoing  table  must  not  be  taken  as  expressing 
any  fixed  correlation  or  rule  which  can  be  appUed  straightway  to  the 
examination  of  any  given  sample,  for  the  mean  values  naturally  obliterate 
the  irregularities  which  become  apparent  if  the  analytical  data,  which 
are  summarised  in  the  horizontal  lines,  are  considered  individually  for 
each  single  sample.  Moreover,  some  few  samples,  which  had  been 
examined  in  the  course  of  this  investigation,  have  been  left  out,  as 
their  data  fell  outside  the  range  of  the  numbers  which  the  remainder 
of  the  samples  in  the  same  horizontal  line  gave.  For  a  complete  study 
of  this  investigation  the  reader  must  be,  therefore,  referred  to  the 
analyses  of  the  samples  given  in  the  Blue  Book.^  For  the  detection 
of  lard  and  beef  fat  by  Polenshe's  method,  based  on  the  relationship 
between  the  melting  point  and  solidifying  pomt,  cp.  Vol.  I.  p.  324, 

Enough  has  been  said  in  the  foregoing  lines  to  point  out  clearly 
that  the  "rapid"  methods,  although  undoubtedly  indicatmg  in  a 
given  case  whether  a  genuine  butter  or  a  grossly  adulterated  butter 
is  under  examination,  fail  in  certain  cases  to  allow  of  definite  conclu- 
sions being  drawn  as  to  whether  adulteration  has  taken  place  or  not. 
The  fundamental  error  of  some  analysts  consists  in  resting  satisfied 
with  the  performance  of  the  "  rapid  "  tests,  which  apply  chiefly  to 
the  6  to  7  per  cent  of  volatile  fatty  acids,  whereas  the  94  per  cent 
of  insoluble  fatty  acids  are  not  further  investigated.  A  good  deal  of 
uncertainty  is  eliminated  by  performing  the  phytosteryl  acetate  test,  as 

1  Joiorn.  Cliem.  i>oc.,  1904,  254. 
2  Calculated  by  the  author  from  the  .saponification-equivalents  given  by  Thorpe. 
3  Report  of  the  Departmental  Committee  on  Butter,  1904. 
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tliis  test  reveals  iintuistakably  the  presence  of  any  vegetable  oils  and 
fats  (cocoa  mit  oil,  palm  kernel  oil)  which  may  have  been  admixed  to 
the  butter  as  such,  and  also  the  presence  of  •  any  margarine  containing! 
vegetable  oils.  It  is  therefore  perfectly  unnecessary  to  rely  in  the 
search  for  margarine  on  the  assistance  of  the  law-makers,  who,  in  some 
countries,  prescribe  the  compulsory  addition  of  sesame  oil  to  mar- 
garine. In  order  to  show  how  futile  this  palliative  must  be,  it  may 
be  pointed  out  in  the  first  instance  that  the  adulterator,  in  defiance 
of  the  law,  can  easily  prepare  margarine  to  which  no  sesame  oil  has 
been  added.  But  even  if,  by  careful  supervision,  a  margarine  maker 
could  be  prevented  from  omitting  the  sesame  oil,  it  is  easy  to  circum- 
vent the  Baudouin  test  by  employing  colouring  matters,  which  give  a 
similar  reaction  to  sesame  oil  with  hydrochloric  acid  alone.  Fendler,^ 
as  also  Leivkowitsch  (before  a  Parliamentary  Committee  have  shown 
that  if  it  be  attempted  to  wash  out  such  colouring  matters  by  treating 
the  fat  with  hydrochloric  acid,  the  treatment  must  be  repeated  so  often 
that  finally  the  fat  no  longer  gives  the  Baudouin  reaction,  whether 
sesame  oil  be  present  or  not.  As  the  addition  of  colouring  matters  is  not 
forbidden,  it  is  obvious  that  the  enforced  addition  of  sesame  oil  to 
margarine  cannot  be  of  any  lasting  help  to  the  analyst.  On  the  other 
hand,  genuine  butters  have  occurred  which  faintly  gave  the  Baudouin 
colour  test.  On  the  strength  of  this  test  these  butters  would  have 
been  judged  to  have  been  adulterated  with  margarine.  The  colour 
reaction  in  these  butters  is  due  to  part  of  the  chromogenetic  substances 
of  sesame  oil  having  passed  into  the  milk  fat  of  cows  fed  with  sesame 
cake.  Although  very  many  feeding  experiments  with  sesame  cake 
have  been  carried  out  by  a  considerable  number  of  observers,  no  con- 
cordant conclusions  have  been  obtained.  Whilst  Baumert  and  Falcke, 
Thorpe,^  and  others  have  shown  that  the  chromogenetic  substance  of 
sesame  oil  does  not  pass  into  the  milk,  there  are  a  number  of  other 
observers  {Vieth,  Siegfeld,  a.  o.)  who  deny  this  fact,  and  state  that 
they  distinctly  obtained  the  sesame  oil  reaction  with  butter  made 
from  the  milk  of  cows  that  had  been  fed  on  sesame  cake.  Considering 
the  idiosyncrasy  of  animals  and  the  difl&culty  of  conducting  physiological 
experiments,  it  was  impossible  to  decide  in  favour  of  either  of  the  two 
conflicting  opinions.  New  light  has  been  thrown  on  this  question  by 
Engel,^  who  has  ascertained  by  a  number  of  experiments  that  four  to 
five  hours  after  feeding  with  sesame  oil  the  Baudouin  reaction  became 
noticeable,  whilst  after  another  six  to  ten  hours  it  could  not  be 
obtained,  and  that  it  reappeared  again  after  a  further  four  to  five 
hours,  then  disappeared  entirely.  Since  the  feeding  of  milch  cows 
with  sesame  cake  is  on  the  increase  in  the  north  of  Europe — in  conse- 
quence of  the  legally  prescribed  addition  of  sesame  oil  to  margarine — 
genuine  butter  fat  exhibiting  the  Baudouin  reaction  may  occur  more 
frequently  than  hitherto.    In  this  connection  it  should  be  remembered 

'  Chem.  Revue,  1905,  10. 
2  Report  oil  the  Butter  Trade,  July  IflOG. 
"  Analyst,  1898,  255  ;  Jahrbuch  d.  Chcm.,  1898,  viii.  404. 
•*  Zeitschr.f.  angeio.  Glievi.,  190C,  286. 
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that  Konig  and  Schluckebier  have  proved  that  the  feeding  of  pigs  with 
sesame  cake  produces  fats  which  give  the  Baudouin  reaction  distinctly. 

In  all  those  cases  where  butter  is  suspected  of  having  been  adulter- 
ated with  margarine  containing  vegetable  oils,  the  phytosteryl  acetate 
test  alone  is  sufficient  to  solve  the  problem.  The  only  difficulty  arises 
when  animal  fats  alone  have  been  employed  for  adulterating.  As  the 
manufacture  of  such  animal  fats  is  not  subject  to  the  compulsory  addi- 
tion of  sesame  oil,  it  is  obvious  that  here  the  sesame  colour  reaction 
offers  no  assistance  whatever.  The  adulterator  has  used  this  loophole 
to  the  full,  and  has  brought  into  commerce  butter  adulterants  consist- 
ing of  animal  fats  only.  The  analyses  of  some  such  adulterants,  which 
are  sold  under  fancy  names  ("  lardine,"  "  butter  improver,"  etc.),  have 
been  given  above  (p.  813). 

In  case  adulteration  with  these  animal  fats  has  taken  place  none 
of  the  foregoing  "  rapid  "  methods,  nor,  indeed,  all  of  them  together, 
and  not  even  the  phytosteryl  acetate  test  will  be  able  to  prove  that  an 
adulteration  has  taken  place.  Certainty  can  only  be  obtained  by  the 
further  examination  of  the  insoluble  fatty  acids.  The  author  has 
commenced  an  examination  of  this  kind,  of  which  the  outlines  only  can 
be  given  in  the  present  incomplete  state  of  the  investigation.  In  the 
first  instance  the  amount  of  stearic  acid  should  be  determined.  Butter 
fat  contains  an  insignificant  amount  of  this  acid,  the  author  having 
obtained  no  more  than  0-5  per  cent.  As  oleomargarine  yields  about 
20  per  cent  of  stearic  acid,  and  lard  may  yield  up  to  26  per  cent,  even 
small  admixtures  of  beef  fat  or  lard  should  be  detectable.  The  author 
has  further  found  that  the  determination  of  arachidic  acid  on  the  one 
hand  and  myristic  acid  on  the  other  will  prove  of  considerable  assist- 
ance. In  an  investigation  of  this  kind  the  "  crude  stearic  acid,"  as 
obtained  by  the  process  described  Vol.  I.  Chap.  VIII.,  must  not  be 
looked  upon,  without  further  investigation,  as  being  actually  stearic 
acid.  In  some  cases  genuine  butter  fats  gave,  under  the  conditions 
described  Chap.  VIII.,  precipitates  which  might  in  a  superficial  ex- 
amination have  been  judged  to  be  stearic  acid,  whereas  further  investi- 
gation has  shown  in  each  case  that  a  mixture  of  arachidic  acid  with 
myristic  acid  or  a  mixture  of  stearic,  myristic,  and  arachidic  acids 
was  present  (cp.  also  Chap.  VIII.). 

Should  these  investigations  which  the  editor  now  has  in  hand  not 
lead  to  a  satisfactory  result,  the  method  of  fi'actionally  distilling  the 
methylesters  of  the  fatty  acids  (see  Vol.  I.  Chap.  XII.),  although  more 
laborious,  may  lead  to  decisive  results  (cp.  also  cocoa  nut  oil,  p.  641). 

Special  colour  reactions  ^  for  vegetable  oils  are  hardly  required  in 
the  examination  of  butter  fat,  and  should  only  be  used  as  corroborative 
tests.  It  should,  however,  be  remembered  that  a  positive  Halphen 
test  given  by  a  butter  fat  does  not  prove  the  presence  of  cotton  seed 
oil,  since  the  chromogenetic  body  giving  the  Halphen  reaction  passes 
into  the  milk  fat  of  cows  fed  on  cotton  seed  cake. 

1  Zeits.  f.  Unters.  d.  Nahnis-  u.  Genussm.,  1908,  xv.  642.  ,  _ 

Cp.  Luclwig  and  Haupt,  Zcits.  f.  Unters.  d.  Nahrgs-  u.  Oennssm.,  190^  .m...  60.-5  , 
Merl,  ibid.,  1908,  xv.  .529. 
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Since  the  critical  temperature  of  dissolution  (Vol.  I.  Chap.  V.)  has 
been  embodied  by  the  Belgian  Government  amongst  the  official  tests 
of  butter  fat,  the  following  numbers  may  be  added  to  those  given 
already  Vol.  I.  Chap.  V.  : — 


Critical  Temperatures  of  Dissolution  (Crismer) 


With  Alcohol  0-7967  Specific  Gravity 
(containing  O'O  per  cent  of  water),  at  15'5°  C, 
in  Open  Tube. 

With  Alcohol 
0-8195  (8-85  per 
cent  of  water),  at 
15 '6°  C,  in 
Sealed  Tube. 

Differ- 
ence. 

Butter 

a 

b 

c 

d 

e 

/ 

1 

54-8 

54-8 

54-8 

54-6 

54-3 

53-8 

100-5 

45-7 

2 

54-5 

54-5 

54-5 

54-2 

100-5 

46 

3 

57 

57 

57 

103 

46 

4 

54 

54 

100-5 

46 

5 

50 

50 

105  -5 

45  "5 

6 

56 

102-5 

46 

7 

56-5 

52-2 

102-5 

46 

8 

52 

52-4 

56-5 

52-4 

51-2 

98-2 

45-7 

Margarine  and 

Mixtures 

1 

78 

78 

124 

46 

2 

72-2 

72-2 

118 

45-8 

3 

72-5 

118 

45-5 

4 

78 

123-8 

45-8 

5 

69 

115 

46-0 

6 

63-8 

109 

45-2 

Maize  oil 

1 

70-5 

It  is  curious  to  note  that  in  the  case  of  a  rancid  butter  the  number 

71/ 

of  c.c.  of  —  KOH  required  to  neutralise  2  c.c.  of  butter  fat  (dissolved 

in  20  c.c.  of  absolute  alcohol),  when  added  to  the  figure  representing 
the  critical  temperature  of  the  acid  butter,  gives  approximately  the 
critical  temperature  of  the  neutralised  butter.^ 


No.  of  Samples. 

a 

Mean  Critical 
Temperature  of 
Acid  Butter. 
°C. 

b 

CO.  of  normal 

AIl<ali  required 
for  2  c.c. 

c 

Critical 
Temperature  of 
Neutralised 
Butter. 
°C. 

d 

Difference, 
c  -  a. 

3  at   80-90°  C. 

88-5 

7-5 

96-4 

7-9 

14  at   90-96°  C. 

93-5 

4-8 

98-2 

4-7 

69  at   96-102°  C. 

99-12 

1-2 

101-7 

2-0 

17  at  102-106°  C. 

103-9 

1-0 

Ewers  ^  states  that  this  test  is  practically  useless. 

'  Bull,  de  V Assoc.  Beige  des  Chimisles,  1897  (10),  453  ;  Analyst,  1897, 158. 
»  Milchw.  Zentralbl.,  1910,  i.  154. 
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A  large  number  of  tests  based  on  the  behaviour  of  butter  with  fat 
solvents  are  omitted  here  as  being  entirely  useless.^  Since,  however, 
Valenla's  test,  Vol.  I.  Chap.  V.,  is  still  to  some  extent  in  vogue  as  a 
preliminary  test,  it  may  be  described  in  the  form  employed  by  Allen  :  ^ 
3  c.c.  of  the  melted  fat  are  poui'ed  into  a  test-tube,  an  exactly  equal 
measure  of  glacial  acetic  acid  is  added,  and  the  contents  of  the  tube 
heated  imtil  complete  solution  takes  place  on  agitation.  The  liquid  is 
then  allowed  to  cool  spontaneously  whilst  stirred  with  a  thermometer, 
and  the  temperature  observed  at  which  the  solution  becomes  turbid. 
The  turbidity  temperatiu'es  found  for  genuine  butter  fats  were  from 
56°-61-5°  C,  whereas  those  for  margarine  were  98°-100°  C. 

Jean  does  not  regard  the  turbidity  as  a  criterion,  but  estimates 
the  volume  of  acetic  acid  dissolved  by  the  fat  (Vol.  I.  Chap.  V.). 

Some  of  his  results  are  subjoined  in  the  following  table  : — 

Ti,„.  Acetic  Acid  dissolved. 

Percent. 

Pure  butter  63-33 

„       „     with  10  per  cent  of  cocoa  nut  oil  66-66 

»  »  »       15  ,,  ,y  .  90 

»       »       »    28        „  „        .  96 

It  may  be  useful  to  describe  here  briefly  the  results  obtained  by 
the  cryoscopic  method  devised  by  Pailheret?  This  observer  uses  pure 
crystaUisable  benzene  as  a  solvent,  and  lays  stress  on  its  freedom  from 
thiophene.  The  temperature  readings  are  taken  from  a  delicate  ther- 
mometer by  means  of  a  microscope.  The  solvent  and  the  fat  are 
weighed  directly.  Pailheret  calculates  the  coefficient  with  the  aid  of  the 
following  formula  : — If  C  equals  the  difference  between  the  freezing 
point  of  the  solvent  and  the  freezmg  point  of  the  solvent  containing 
the  fat,  and  P  equals  the  weight  of  fat  in  100  grms.  of  solvent,  then  the 
C 

coefficient  A  =  p.    For  dilute  concentrations  the  variations  of  A  are 

very  marked.  Where  the  concentration  reaches  18-22  per  cent  the 
coefficient,  however,  becomes  constant.  For  these  concentrations  A  = 
0-0885,  whereas  for  margarine  for  the  same  concentrations  A  =  0-0764. 
This  method  can  at  best  be  used  only  as  a  "  sorting  test,"  and  cannot 
in  any  way  supersede  the  quantitative  reactions. 

For  the  method  of  detecting  adulteration  by  means  of  the  solubility 
of  the  barium  and  magnesium  salts,  the  original  paper  by  Ewers 
must  be  consulted,  all  the  more  so  as  Amberger  ^  states  that  the  milk 

1  Hoton  {Bull.  Soc.  Chim.  de  Belgique,  1904  (18),  147  ;  Revtie  intern,  des  falsific., 
1906  (19),  115)  showed  that  the  solubility  of  butter  iu  glacial  acetic  acid  is  not 
influenced  by  a  larger  or  smaller  proportion  of  glycerides  of  volatile  acids. 

2  Commercial  Organic  Analysis,  ii.  1.54. 

3  Bull.  8oc.  Chim.,  1909,  425.  Cp.  also  Garelli  and  Caroano  (Benzene),  Staz.^enm. 
agrar.,  1893,  77  ;  Partheil,  Arch.  d.  Pharm.,  239,  358  ;  Peschges,  Arch.  d.  Phaivi., 
239,  358  ;  Pouret,  Bull.  Soc.  C/dw..,  1899,  iii.  21,  738  ;  Quartaroli  (Acetic  acid)  Slaz. 
sperim.  agrar.,  1904  (37),  18  ;  M.  Raffo  and  G.  Foresti,  Oazx.  chim.  lial.,  1909  (^9), 
ii.  441. 

*  Milchw.  ZentralU.,  1910,  i.  154. 
/Ceils.  J.  Unlers.  d.  Nalvrgs-  u.  Genussm.,  1911,  xxi.  598. 
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yielded  by  cows  at  the  end  of  the  period  of  lactation,  and  particularly 
that  from  cows  fed  on  cocoa  nut  cake,  showed  by  Ewer's  method 
apparent  adulteration  with  10  per  cent  or  even  more  of  other  fats.  This 
method,  as  also  that  of  Fendler}  has  been  criticised  by  Polenske.^ 

With  regard  to  a  number  of  other  methods,  such  as  viscosimetric,^ 
calorimetric,*  and  microscopical^  examination,  the  reader  must  be 
referred  to  the  original  papers,  as  these  methods  have  very  little 
practical  importance  in  the  examination  of  butter  fat,  and  are 
decidedly  inferior  to  those  described  on  the  preceding  pages. 


STAG  FAT 

French — Graisse  de  cerf.  German — Hirschtalg. 
Italian — Sego  de  cervo. 

A  specimen  of  the  fat  horn.  Cervus  elapJius  examined  by  Klimont 
and  Meisl  ^  yielded,  on  repeated  crystallisation  from  acetone,  needles 
melting  at  62-5  to  63-5°  C,  which  they  identified  as  palmitodistearin. 

The  specimen  examined  by  Amthor  and  Zink  '  had  the  acid  value 
3-5  in  the  fresh  state,  and  5-9  after  keeping  for  one  year. 


Physical  and  Chemical  Characteristics  of  Stag  Fat 


Specific 
Gravity. 

Solidifying 
Point. 

Molting 
Point. 

Saponi  Il- 
ea ti  on 
Value. 

Iodine 
Value. 

Ileichert 
Value. 

Refractive 
Index. 

Observer. 

Butyro-re- 
fractometer. 
"  Degrees." 

At  15°  C. 

°C. 

Mgrms. 
KOH. 

Per  cent. 

C.C.  A 
iionn. 
KOH. 

At  40°  C. 

0-9670 

0-9066 
(at  50°) 

39-40 

48 

47-5 

61-52 
49-49-5 
48-0 » 

199-9 
203-5 

25-7 
20-5 
19-3 

1-66 

44-5 

Amthor 
and  Zink 

Beckurts  * 
and  Oelze 

Klimont 
and  Meisl 

1  Zdtschr.f.  Offentl.  Chem.,  1910(16),  152. 

Arb.  a.  d.  llais.  OesundheUsamt,  1911  (38),  408. 
^  Killing,  Journ.  Hoc.  Chem,.  hid.,  1895,  198  ;  Wender,  Jourii.  Amer.  Chem.  Soc., 
1895,  719.    Cp.  also  White  and  Twining,  Journ.  Ind.  and  Eng.  (,'hem.,  1913,  568. 
■*  Journ.  Soc.  Chem.  Ind.,  1896,  560. 
°  Legros,  Revue  intern,  des  falsific,  1906,  19,  159, 
«  M(matsh..f.  Chem.,  1913,  1489. 
'  ZeiUchr.f.  nnulyt.  Chem.,  1897,  4. 

»  Arrh.  d.  /'harm.,  1895  (283),  429.  "  I'olil's  niutliod. 
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Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Specific 
Gravity. 

Solidify- 
ing Point. 

Melting 
Point. 

Nentralisation 
Valne. 

Iodine 
Value. 

Observer. 

At  15°  C. 

"C. 

'C. 

Mgrms.  KOH. 

Per  cent. 

0-9685 

46-48 

50-52 
49-5 

201-3 

23-6 

Amthor 
and  Zink 

Beckurts 
and  Oelze 

Lesser  known  animal  fats,  see  table  on  opposite  page. 


B.  WAXES 


I.  LIQUID  WAXES 

Two  representatives  only  of  this  class  are  known,  viz.  sperm  oil  and 
Arctic  sperm  oil.  As  regards  origin,  smell,  taste,  and  some  colour 
reactions,  they  are  in  many  respects  very  similar  to  blubber  oils  ;  so 
much  so,  that  some  writers  classed  them  with  the  latter  oils.  On 
account  of  their  different  chemical  composition  the  author  separated 
them  from  the  blubber  oils,  and  this  classification  has  now  been  adopted 
generally. 

The  liquid  waxes  contain  no  glycerides  ;  ^  they  consist  chiefly  of 
compound  esters  of  fatty  acids  and  monovalent  alcohols.  They  yield, 
therefore,  on  saponification,  large  quantities  of  "  unsaponifiable  matter." 
This  characteristic  readily  serves  to  distinguish  the  liquid  waxes  from 
all  other  fixed  oils.  Whereas  most  fatty  oils  yield  95  per  cent  of  fatty 
acids,  the  Uquid  waxes  contain  only  from  60  to  65  per  cent,  the  remaining 
40  to' 35  per  cent  being  made  up  by  monovalent  aUphatic  alcohols. 

The  Uquid  waxes  are  fm'ther  readily  distinguished  from  the  fatty 
oils  by  their  low  specific  gravities.  It  is  notable  that  their  viscosity 
is  much  less  influenced  by  variations  of  temperature  than  is  the  case 
with  fatty  oils. 

The  Uquid  waxes  absorb  very  Uttle  oxygen  from  the  atmosphere, 
and  therefore  do  not  dry.  On  treatment  with  nitrous  acid  they  give 
a  soUd  or  butter-Uke  elaidin. 

Some  of  the  (fatty)  blubber  oils  contain  notable  quantities  of  waxes 
forming,  as  it  were,  a  gradual  transition  from  pure  glycerides  (seal  oil) 
to  the  true  liquid  waxes. 

1  This  a.s.sertion  may  require  qualifying,  for  if  the  statements  o''  f  ™'";;^^^^^ 
Dunlop  (see  p.  865)  be  confirmed,  some  sperm  oils  would  appear  to  contain  from  U  to 
25  per  cent  of  glycerides. 


Lesser  known  Animal  Fats 


Kind  of  Fat. 


Bear 


Himalayan  bear 
Coot  . 


Starling 

Pigeon 

Turkey 


Pox  . 
Crane 


Pine  marten 
Chicken  . 


Polecat 

Domestio  duck 

Dog   .  . 

Wild  cat  . 

Domestic  cat 

Glutton 
Body  fat 
Kidney  fat 

Elk    .  . 

Roebuck  . 

Pallow  buck 

Chamois  . 

Remdeer  ^ 


Skunk 
Ostrich 

Oleine  . 

Stearine 
Tiger .  . 


Ursus  arcioSy  L. 

Vrsus  torquatus,  Wagner 
Fulica  atra 

Sturnus  vulgaris,  L. 
Columba  livia,  L. 
Meleagris  gallopavo,  L. 


Canis  viilpes,  L. 
Grus  cinerea 

Meles  taxus.  Pall. 
Mustela  vmrtes,  L. 
GalluB  domesticus,  L. 


Mustela  [Puiorius)  pulo- 

riuSy  L. 
Anas  boschas,  L. 
Canis  familiaris,  L. 
Felts  caius,  L. 
Felis  domestica,  L. 
Gulo  borealis 


Oervus  alces,  L. 
Oerms  capreolus,  L. 
Cervus  dama 

Antilope  rupicapra  {Rupi- 

capra  r..  Pall.) 
Cervus  tarandus  {Rangi- 

fer  (.,  Pall.) 

Mephitis  mesomelas,  Licht. 
Struikio  camelus 


Felis  tigris 


Ours 


Foulque 

Etourneau 

Pigeon 

Dindon 


Renard 
Grue 

Blaireau 

Martre 

Poulet 


Putois 

Canard  domestique 
Chien 

Chat  sauvage 
Chat  domestique 
Glouton  du  Nord 


Elan 
Chevreuil 
Daim 
Chamois 

Renne 


Moufette 
Autriche 


Tigre 


Orso 


Storno 
Colombo 
Gallo  d'  India 


Volpe 
Gru 

Tasso 

Martora 

Polio 


Puzzola 

Auatra  domestica 
Cane 

Gatto  salvatico 
Gatto  domestico 
Galone 


Alee 
Capriolo 
Daino 
Camoscio 

Renna 


Mofetta 
Struzzo 


Tigre 


German. 


Biir  1 

Wasgerhuhn 

Staar 
Taube 
Truthahn 


Fuohs 
Kranich 

Dachs 

Edelmarder 

Haushuhn 


litis 

Hausente 

Hund 

Wildkatze 

Hauskatze 

Vielfrass 


Eloh 
Reh 

Damhirach 
Gemse 

Renntier 


Stinktier 
Strauss 


Tiger 


Specific  Gravity 
at  16°  C. 


0-913 

0-9209 

0-9211 

0-9156 

0-9010 

0-9163 


0-9220 
0-9090 

(at  100'  C.) 
0-9412 
0-9222 

0-9226 
0-9345 
0-9241 
0-9065 
(at  100-  C.) 


0-9229 
0-9304 
0-9304 

0-9153 
0-9230 
0-9625 
0-9659 
0-9615 
0-9697 


0-9166 
0-9265 


0-8912 

(at  40'  C.) 


Fatty 
Acids. 


0-9347 
0-9151 


0-9385 
0-8990 

(at  100-  C.) 
0-9492 
0-9005  , 

0-9230 

0-9283 
0-8866 
(at  100"  0.) 


0-9278 
0-9366 
0-9251 

0-9118 

0-9584 
0-9622 
0-0524 
0-9546 


Solidifying  Point. 


Fat. 
°0. 


Fatty 
Acids. 
°C. 


15-18 


17-19 
24-27 
21-27 


22-24 

21-  23 
26-27 
24-26 

22-  24 

37-38 
39-41 

40 
42-43 


36-1 
30-5 

30-  31 
33-34 

31-  32 


36-37 
29-3 

28-30 
35-37 
32-34 


26-27 


34-5-35-5 

36-  37 
35-36 

37-  5 

48-  50 

49-  50 
47-48 
51-52 

45-73 


Melting  Point. 


■-F.it. 
°C. 


34-5-37-5 


31-32 
35-40 


30-35 
33-40 
33-40 
23-27 


36-  39 

37-  5-40 
37-38 
39-40 

28-30 

49-52 
52-54 
52-53 
54-56 

48 


45 
35 


Fatty 
Acids. 
"C. 


32-  32-05 
30-6.31 

37-  5 

40-  42 

33-  5-34-5 

38-  39 
38-39 

38-  39 

37-  38 

41-  43 
31 

34-36 

39-  43 

38-  10 
27-30 

34-40 


39-40-5 
40-41 
40-41 

40-41 
40-41 
63-56 
62-64 
60-53 
57-58 


49 
37-6 


Saponillca- 
tiou  Value. 

Neutralisa- 
tion Value. 

Insoluble 
Acids +Un- 
iaponiflabie. 

leichert- 
^leissl 

Fat. 

Fatty 
Acids. 

Per  cent. 

c.c. 

norm. 

KOH. 

203*4 

194'8 

1-66 

200-4 

•- 

116 

203 

•  ■ 

204 

206*5 

0-9 

192-6 

95-2 

0-35 

209 '2 

200-5 

2l6-l 

191-6 

195-0 

96-1 

3-8' 

191-7 

205-7 

1-30 

191-2 

201 ' 

95-7 

0-13 

lOo'l 

193  7 

0-36 

204 

93 

1-10 

193-5 

2()6-8 

1-00 

204-6 

208*3 

94-6 

1-8  ® 

195-4 

199-15 

95-65 

0-57 

199-9 

203-8 

2-6 

190-7 

96 

0-90 

193-3 

203-4  ' 

96-4 

0-12 

193-3 

203-3 ' 

95-8 

196-1 

201-4 

0-78 

199-0 

200-5 

96-8 

0-99 

195-6 

201-4 

1-70 

203-3 

206-5 

1-80 

194-7 

206 

.  211 

90-37 

7-6 

j  200-8 

26i-2 

96 

Iodine  Value 
Per  cent. 


80-43 
98-6 
107 

80-  7 
62-7-62-8 

87-13 

83-7 
82-3 

81-  16 
66-4 

79-7 
71-25 

71-3 

70-  2 
66-7 

71-  6 

62-8 

58-5 
68-6 
57-8 
64-5 

54-36 

60-82 

35-0 

32-1 

26-4 

25-0 

35-8 


71-1 
57-7 


Fatty 
Acids. 


66 


50-45-6 
67-3-63 
84-8 


79-4 

70-7 
70-7 

65-4 
73-5 

73 

53(?) 

64-6 

73-6 

60-6 


60-15 

68-8 

54-8 

66-5 
52-8 
31-9 
28-9 
28-2 
24-4 

34-5 


Butyro-refractometer. 


Refractive  Index. 
Fat.       Fatty  Acids. ! 


At  "De- 
°  C.  grees.' 


36  1  44-7 
45  I  39-9 


Kebler  and  Pancoaat  ^ 
Raikow  ^ 

3 

Schneider  and  Blumenfeld 
D.  Hooper 

Schneider  and  Blumenfeld 
Amthor  and  Zink  * 


50  j  46-0    60  1  32-6  i  Ross  and  Race  • 

]    . .      . .  j  . .    ,  Amthor  and  Zink 

20    61-5     30  '  40-8  ,  Schneider  and  Blumenfeld  ' 

46  I  47-6  1  45  ;  32-8  | 

j  . .    I  Amthor  and  Zink 


50  I  47-5  1  60  I  36-5  |  Ross  and  Race' « 
Amthor  and  Zink 


Schneider  and  Blumenfeld  - 
Amthor  and  Zink 


46-1  I  45 
46-2  46 


31-9 
31-7 


Schneider  and  Blumenfeld  " 
Amthor  and  Zink 


Tischtschenko  ^ 


KarassefE " 
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1  Pharm.  Jotm.,  1903,  304.  =  Acetyl  value  of  fatty  acids  18-4. 

-  Body  fat,  O/iem.  Zdt.,  1904,  274.  «  Analyst,  1911,  213. 

^  Kidney  fat.  ^  Neutralisation  number. 

'  Chem.  Zeitimg,  1906,  64.  »  Zdtschr.  f.  anali/t.  Olmtiie,  1897,  1. 


^  Acetyl  value  of  fatty  acids  25-4. 
'°  Ihid.,  Acetyl  value  of  fatty  acids  135. 
"  Ibid.,  Acetyl  value  3-0. 

^-  The  characteristics  of  the  millc  fat  from  reindeer  have  been  given  .ibove,  p.  807. 


Zeitschr.  f.  anqew.  Glwtiie,  1900,  167. 
"  Ohem.  Zdt.,  1899,  669.    The  fatty  acids  were  stated  to  consist  of  60-1  per  cent 
stearic,  1-4  per  cent  palmitic,  38  "5  per  cent  oleic  acids. 

Ann.  cMm.  analyt.,  1910,  xv.  64.  "  Chemist  and  Druggist,  1912,  512. 
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SPERM  OIL 

French— £fm7e  de  cachalot ;  Huile  de  spermaceti.    German— Walratdl ; 
Pottwaltran.  Italian — Olio  di  spermaceti. 
For  tables  of  characteristics  see  p.  868. 

Sperm  oil  is  obtained  from  the  head  cavities  and  from  the  blubber 
of  the  sperm  whale,  or  cachalot,  Physeler  macrocephalus,  L.  On  "  try- 
ing "  (cp.  "  Whale  oil,"  p.  456)  the  sperm  whale  on  board  ship,  the  head 
and  body  blubbers  are  kept  separate,  since  the  oil  from  the  head  is 
worth  more  than  that  from  the  body.i  The  oils  obtained  from  the  head 
matter  and  from  the  body  blubber  differ  considerably  in  appearance. 
The  former  oil,  when  first  taken  from  the  head  of  the  whale,  is  clear  and 
Hmpid  "  brain  oil,"  but  after  a  short  time  thickens  and  hardens  to  a 
white  mass.  The  latter  (body  oil)  is,  in  its  fi-esh  state,  a  Ught  straw- 
colom-ed  oil.  The  oils  are  kept  separate  on  board  ship,  but  when  re- 
ceived at  the  refineries  they  are  generally  mixed  in  their  natm'al  pro- 
portions, vi^  one-third  head  oil  and  two-thirds  body  oil,  and  together 
submitted  to  the  processes  for  separating  the  oil  from  the  spermaceti. 

Sperm  whales  yield  from  5  to  145  barrels  of  crude  oil ;  the  average 
•yield  for  the  cows  is  about  twenty-five  to  thirty,  and  for  the  bulls 
seventy-five  to  ninety.    (Each  barrel  weighs  about  230  lbs.) 

In  the  refineries  the  crude  sperm  oil  is  allowed  to  stand  in  refrigerating 
chambers  from  ten  to  fourteen  days  at  a  temperature  of  32°  F.  The 
partly  solidified  mass  is  then  subjected  to  hydrauHc  pressure.  The 
clear  oil  thus  obtained  is  known  as  "  winter  sperm  oil  "  ;  it  will  not 
congeal  at  38°  F.,  which  is  at  present  the  usual  commercial  standard. 
Oils  of  32°  or  23°  F.  "  cold-test  "  have  also  been  prepared.  The  tend- 
ency is  to  produce  oils  of  somewhat  high  cold-tests,  since  the  lower  the 
temperature  at  which  the  congealed  oil  is  pressed  the  smaller  is  its  yield. 
The  amount  of  "  winter  sperm  oil  "  of  38°  F.  "  cold-test  "  is  about  75 
per  cent  of  the  crude  oil.  When  32°  F.  "  cold-test  "  was  the  commercial 
standard,  the  yield  of  "  winter  sperm  oil  "  was  about  67  per  cent.  The 
"  winter  sperm  oil  "  is  usually  bleached. 

After  the  "  winter  sperm  oil  "  has  been  pressed  out,  there  remains 
in  the  press-bags  a  solid  mass  of  brownish  colour,  which  is  again  sub- 
mitted to  pressure  at  a  higher  temperature  (about  50°  to  60°  F. ),  whereby 
the  oil  known  as  "  spring  sperm  oil  "  is  obtained.  This  congeals  at 
50°  F.  to  60°  F.  The  quantity  of  "  spring  sperm  oil  "  is  about  9  per  cent 
of  the  crude  oil. 

The  press-cakes  are  stored  for  several  days  at  a  temperature  of  about 
80°  F.,  and  in  the  course  of  a  week  are  trimmed  by  revolving  knives 
and  again  submitted  to  a  high  pressure  in  hydrauhc  presses.  Thereby 
a  third  gi-ade  of  oil,  "  taut-pressed  oil,"  is  obtained,  which  soHdifies  at  a 
temperature  of  90°  to  95°  F.  The  quantity  of  oil  of  this  grade  is  about 
5  per  cent  of  the  crude  oil,  so  that  from  the  crude  sperm  oil  a  total  of 
89  per  cent  of  refined  oil  is  obtained.  The  residue  in  the  press-cloths  is 
crude  spermaceti  of  a  brown  colour,  which  melts  at  a  temperature  of 
110°  to  115°  F. 

'  About  one  to  two  cents  per  gallon. 
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The  following  statistical  data  have  been  published  by  the  United 
States  Government : — 
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Barrels 
(230  lbs.). 
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Refined  sperm  oil  is  a  pale  yellow,  thin  oil,  almost  free  from  odour. 

Hoffstdtter's  statement  that  sperm  oil  contains  glycerides  has  been 
shown  by  Allen  and  by  the  author  to  be  erroneous.  Possibly  Hqffstdtter  ^ 
examined  an  oil  mixed  with  porpoise  oil,  since  he  found  in  his  specimen 
valeric  acid  as  weU  as  glycerol. 

More  recently,  however,  Fendler  ^  detected  in  a  genuine  sperm  oil 
stiU  containing  spermaceti  and  having  the  saponification  value  of 
150-3,  1-32  per  cent  of  glycerol  (confirmed  by  the  acrolein  test).  It 
will  be  noted  that  the  saponification  number  of  this  sperm  oil  is  extremely 
high,  higher  than  any  numbers  recorded  by  previous  observers.  Some 
Japanese  sperm  oils  also  appear  to  give  high  saponification  values, 
and  the  author  found  in  a  brain  oil  from  Japan  the  saponification 
value  150-5,  and  in  a  "  skin  "  oil,  also  from  Japan,  the  saponification 
value  137-1.  These  samples  yielded  1-87  per  cent  and  2-30  per  cent  of 
glycerin  respectively.  Dunlop  ^  also  states  that  he  found  in  a  sperm  oil 
from  the  body  and  in  two  oils  from  the  head  the  following  percentages 
of  glycerol  (by  means  of  the  acetin  method)  : — 1-36,  1-53,  and  2-51 
respectively.  The  saponification  values  of  these  oils  were,  in  the  same 
order,  122-0,  140-2,  144-4.  He  only  states  that  the  samples  were 
obtained  from  "  reUable  som'ces." 

The  sperm  oil  fatty  acids,  a  few  characteristics  of  which  are  given 
p.  868,  appear  to  belong  to  the  oleic  series,  as  is  shown  by  their  iodine 
value,  and  by  their  property  of  yielding  elaidin  with  nitrous  acid.  The 
nature  of  the  acids  is  as  yet  unknown.  Hoffstdtter's  earlier  statement 
that  the  fatty  acids  consist  chiefly  of  physetoleic  acid  stands  in  need  of 
confirmation.  Bull  isolated  from  two  specimens  of  sperm  oil  7-53  per 
cent  of  liquid  fatty  acids,  which  had  respectively  the  neutraUsation 
values  183-4  and  187-9,  and  the  iodine  values  130-3  and  159-5. 

Fendler  found  in  a  specimen  of  sperm  oil,  still  containing  spermaceti, 
14-22  per  cent  of  soHd  and  85-78  per  cent  of  liquid  fatty  acids.  The 
soUd  acids  melted  at  32-2°  C.  and  had  the  neutraUsation  value  242-5. 
The  hquid  fatty  acids  had  the  neutraUsation  value  228-7  and  the  iodine 
value  75-6.  An  attempt  to  resolve  the  liquid  fatty  acids  into  different 
fractions  by  distiUation  under  diminished  pressure  did  not  lead  to 
definite  results.  The  highest  iodine  value  (fraction  No.  4)  was  92-0. 
The  following  table  reproduces  Fendler' s  results  : — 


Fraction 
No. 

Boiling 
Point. 
"C. 

Pressure 
(mm.). 

1 

165-185 

25 

2 

185-200 

}  } 

3 

200-210 

M 

4 

210-220 

J  i 

5 

220-225 

I  y 

6 

225-235 

i  ] 

7 

235-250 

»» 

8 

250-260 

50 

' 

260-265 

Approximate 

Yield 

(c.c. 
from  100  c.ii.). 

Iodine 
Value. 

Neutralisa- 
tion 
Value. 

Mean 
Molecular 
Weight. 

8 

48  -5 

274-8 

204-4 

30 

75-3 

256-5 

218-9 

10 

87-7 

241-7 

232-3 

10 

92-0 

230-4 

243-8 

10 

90-0 

223-4 

251-4 

5 

90-8 

218-9 

256-6 

5 

78-3 

213-7 

262-8  - 

4 

91-6 

205-7 

273-0 

10 

89-3 

195-4 

287-4 

1  Liehig's  Annul. ,  1854,  91,  177.  ^ 

'  Journ.  Soc.  Ghem.  Ind.,  1908,  63. 
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The  fractions  were  liquid  at  the  ordinary  temperature  ;  only  the 
three  last  fractions  showed  signs  of  crystallisation  at  the  temperature 
of  the  freezing  point  of  water. 

Walker  and  Warhurton  ^  obtained  in  the  author's  laboratory  fi'om 
two  specimens  of  sperm  oil  2-5  and  3-7  per  cent  respectively  of  ether- 
insoluble  brominated  glycerides  (Vol.  I.  Chap.  VIII.).  The  insoluble 
fatty  acids  gave  in  the  bromide  test  2-05  per  cent  of  ether-insoluble 
brominated  acids.  Procter  and  Bennett  ^  obtained  as  much  as  6-3-6-5  per 
cent  of  ether-insoluble  bromides.  These  high  figures  were  not  confirmed 
by  Dunlop,  who  found,  in  good  agreement  with  the  results  obtained  by 
Walker  and  Warhurton,  1-13-2-3  per  cent  ether-insoluble  brominated  acids. 

The  author  obtained  from  two  samples  of  Japanese  skin  oil  2-25 
and  1-06  per  cent  of  insoluble  brominated  fatty  acids,  and  from  two 
samples  of  Japanese  brain  oil  1-12  and  0-63  per  cent  respectively.  These 
bromides  behaved  like  clupanodonic  octobromide  in  the  melting  point 
test. 

Lewkowitsch  ^  found  the  acetyl  values  of  three  samples  of  northern, 
"  northern  best,"  and  southern  sperm  oil,  449,  6-43,  and  5-25  respect- 
ively. 

The  nature  of  the  alcohols  of  sperm  oil  is  also  unknown.  The 
author*  tried  to  resolve  the  mixed  alcohols  into  their  several  con- 
stituents by  fractional  distillation  of  both  the  alcohols  themselves  and 
of  their  acetates,  but  hitherto  these  experiments  have  not  led  to  any 
definite  result,  beyond  proving  that  neither  dodecatyl  nor  pentadecyl 
alcohol  is  present,  and  that  the  sperm  oil  alcohols  belong  for  the  most 
part,  if  not  wholly,  to  the  ethylene  series,  the  higher  members  of  which 
have  been  hitherto  unknown. 

This  wiU  be  readHy  seen  from  the  following  table,  giving  the  saponi- 
fication values  of  the  acetates  of  the  five  fractions  into  which  the  total 
amount  of  acetates  were  resolved,  and  the  iodine  values  of  the  corre- 
sponding alcohols  themselves.  For  the  sake  of  comparison  the  theoretical 
numbers  are  given  for  alcohols,  the  presence  of  which  might  be  expected. 


Alcohols  from  Sperm  Oil. 

Saponiflc.  Value  of 
Acetate 

Iodine  Value  of 
Alcoliol. 

1st  fraction       .  . 
2nd     ,,  ... 
3rd      ,,  ... 
4th     ,,  ... 
5th                 •  • 

190-2 
183-8 
180-7 
174-4 
161-4 

46-48 
63-30 
69-80 
81-80 
84-90 

Alcohol  C15H32O  (unknown) 
„      CisHssO  (unknown) 
C00H40O  (unknown) 

199 
180  ■ 
166 

106-6 
94-8 
85-8 

On  heating  ^  with  soda  lime  the  alcohols  were  for  the  most  part 
converted  into  fatty  acids,  only  4-6  per  cent  of  unchanged  alcoiiol 
being  recovered  ;  these  crude  fatty  acids  had  the  acid  value  181-7,  ana 
melted  at  38°-40°  C. 

1  Analyst,  1902,  237.       "  Joinn.  Soc.  Chem.  Ind.,  1906,  798. 
*  Lewkowitsch,  Journ.  Soc,  Chem.  ind.,  1892,  134. 


='  ^l«a^y«i!,  1899,  321. 
»  Ibid.,  1896,  41. 
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A  more  recent  examination  by  the  usual  methods  {Dunlop)  led  to 
the  following  numbers  : — 
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Matter) 


Soliilifying  Point. 

Melting  Point. 

Iodine  Value. 

"C. 

Observer. 

°0. 

Observer. 

Per  cent. 

Observer. 

23-23-4 

Lewkowitsoh 

25 -5-27 -5 

Lewkowitsch 

64 -6-65 -8 

Lev^kowitiich. 

Commercial  sperm  oil  contains  only  small  quantities  of  free  fatty 
acids.    In  the  following  table  a  few  numbers  are  recorded  : — 


No. 

Free  Patty  Acids, 

Sperm  Oil. 

as  Oleic  Acid. 
Per  cent. 

Observer. 

1 

Best  quality,  cold  bagged 
Second,  "hot  pressed"  . 

1-46 

Deering 

2 

2-11 

>} 

3 

Intermediate  quality 

0-75 

If 

4 

Oil  of  good  quality 

2-11 

5 

Oil  of  doubtful  quality  . 

0-55 

6 

»>         i>          I)       •  • 

1-21 

»» 

7 

Oil  of  bad  quality  . 

2-06 

*> 

8 

»               M  ... 

2-64 

Thomson  and 
Ballantyne 

Sperm  oil  is  a  valuable  lubricating  oil  for  spindles  and  light 
machinery,  on  account  of  its  slight  tendency  to  "  gum,"  and  because  the 
viscosity  does  not  decrease  so  rapidly  with  the  increase  of  temperature 
as  is  the  case  with  other  lubricating  oils  (see  Vol.  III.).  A  sample  of 
sperm  oil  examined  in  the  writer's  laboratory  required  in  Redwood's 
viscosimeter  146-5  seconds  at  70°  F.  (cp.  also  Vol.  I.  Chap.  V.). 

The  comparatively  high  price  of  sperm  oil  invites  adulteration  with 
fatty  oils  or  hydrocarbon  oils.  The  detection  of  these  adulterants  is 
an  easy  task.  Admixture  with  Arctic  sperm  oil,  the  physical  and 
chemical  characteristics  of  which  are  almost  identical  with  those  of 
sperm  oil,  is,  however,  very  difficult  to  detect. 

The  specific  gravity  of  sperm  oil  being  very  low,  a  high  density  of  a 
sample  would  point  to  the  presence  of  fatty  oils.  Mineral  oils  of  the 
same  specific  gravity  cannot  of  course  be  detected  by  the  determination 
of  this  characteristic.  However,  a  mixture  of  fatty  oils  with  hydrocarbon 
oils,  to  meet  the  specific  gravity,  would  require  oils  of  so  low  a  specific 
gravity  that  the  flash  point  of  the  resulting  .oil  would  be  very  low  indeed. 
The  flash  point  of  sperm  oil  lies  in  the  neighbom-hood  of  450°  F. 

The  loiv  saponification  value  of  most  specimens  of  sperm  oil  obtained 
until  recently,  furnished  a  ready  means  of  detecting  added  fatty  oils, 
such  as  rape  oil,  blubber  oils,  etc.  As,  however,  a  judiciously  added 
quantity  of  mineral  oil  may  compensate  the  increase  of  the  saponifica- 
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tion  value  due  to  this  cause,  an  oil  of  apparently  normal  saponification 
value  may  result.  In  fact,  Ldbry  de  Bruyn  ^  has  shown  that  oils  occur 
in  commerce  consisting  of  a  mixture  of  sperm,  blubber,  and  mineral  oils. 
It  should,  however,  be  noted  that  Fendler,  as  also  Dunlop,  found  the 
exceptionally  high  saponification  values  150-3,  140-2,  and  144-4  for 
genuine  sperm  oil.  The  saponification  value  alone  carmot,  therefore, 
be  considered  as  finally  proving  the  purity  of  the  sample. 

The  presence  of  notable  amounts  of  hydrocarbons  can  be  proved 
with  certainty  by  examining  the  unsaponifiable  matter  by  means  of 
acetic  anhydride,^  as  detailed  Vol.  I.  Chap.  IX.  The  estimation  of  the 
amount  of  glycerol  and  calculation  therefrom  to  fatty  oil  would  seem 
to  be  no  longer  admissible,  since  Fendler  and  Dunlop  found  notable 
amo\mts  of  glycerol  in  sperm  oils  looked  upon  by  them  as  genuine 
(cp.  footnote,  p.  862). 

Colour  reactions  are  hardly  reqtdred  in  the  examination  of  sperm 
oil.  The  colour  test  with  sulphm-ic  acid  can  no  longer  be  accepted  as 
an  absolute  proof  of  the  presence  of  liver  oils,  since  within  the  last  few 
years  sperm  oils  of  undoubted  purity  have  been  coming  on  to  the  market 
which  give  positive  reactions.  The  readiest  way  to  detect  liver  oils  is 
to  determine  the  iodine  value  of  the  sample  and  the  yield  of  ether- 
insoluble  brominated  fatty  acids. 


ARCTIC  SPERM  OIL — BOTTLENOSE  OIL 

■  French — Huile  de  rorqual  rostre.    Geim&n—Doglingdl,  Entenwaldl. 
Italian — Olio  di  spermaceti  artico. 

For  tables  of  characteristics  see  p.  873. 

Arctic  sperm  oil  is  chiefly  obtained  from  the  bottlenose  whale, 
Eyperdodon  rostratus  and  H.  diodon  {hidens).  The  principal  places 
where  these  species  are  caught  are  along  the  edges  of  the  ice-fields  of 
Northern  Europe,  between  Bear  Island  and  Iceland.  Like  the  sperm 
whale  the  bottlenose  whale  contains  in  the  cavity  of  the  head  a  certain 
amount  of  oU  which  yields  spermaceti.  The  quantity  of  crude  oil 
obtainable  from  the  bottlenose  whale  varies  from  4  to  12  barrels,  averag- 
ing about  8  barrels.  The  oil  is  usuaUy  "  tried  "  out  on  board  ship. 
The  blubber  is  sometimes  kept  until  the  oil  runs  out  spontaneously, 
when  the  oil  naturaUy  acquires  a  dark  colour  and  becomes  slightly 
hydrolised.  Such  an  oil,  after  removing  the  spermaceti,  of  which  it 
contains  about  10  per  cent,  must  then  be  refined  with  soda  before  it  is 
fit  for  use  as  lubricating  oil.  The  blubber  oil  is,  as  a  rule,  darker  in 
colour  than  sperm  oil ;  but  the  deodorised  Arctic  sperm  oU  of  com- 
merce so  closely  simulates  sperm  oU,  that  it  is  practically  impossible  to 

1  Journ.  Soc.  Chem.  Ind.,  1894,  426.  ,   .,  •    +1  i 

2  Absolute  alcohol  must  not  be  used  for  the  detection  of  ^'"^^f^^  "'Vn-q^i-f 

as  an  ethyl  alcoholic  solutiou  of  the  sperm  alcohols,  even  if  spn;it  of  0.8345  spec  he 
gravity  be  used,  is  capable  of  holding  considerable  quantities  of  mineral  oil  in  solution 
(cp.  Nash,  Analyst,  1904,  3). 
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distinguish  the  two  oils  by  mere  chemical  examination.  In  the  elaidin 
test  Arctic  sperm  oil  yields  a  much  softer  elaidin  than  sperm  oil. 

In  commerce,  however,  these  two  oils  are  readily  distinguished  by 
their  taste.  On  account  of  its  more  pronounced  tendency  to  "  gum," 
Arctic  sperm  oil  is  lower  in  price  than  sperm  oil. 

Scharling,  writing  in  the  year  1848,  states  that  Arctic  sperm  oil  is 
the  dodecatylester  of  doeghc  ^  acid.  It  hardly  needs  pointing  out  that 
this  statement  requires  confirmation.  In  a  more  recent  examination 
Bull  obtained  from  two  specimens  of  Arctic  sperm  oil  5-07  per  cent 
and  3-65  per  cent  of  fatty  acids,  which  had  the  neutralisation  values 
154-6,  195  (?),  and  the  iodine  values  125-6,  121-2  respectively.  The 
iodine  values  of  these  acids  are  lower  than  the  iodine  values  of  the 
corresponding  acids  obtained  from  sperm  oil,  whereas,  considering  the 
more  pronounced  gumming  properties  of  Arctic  sperm  oil,  the  reverse 
would  have  been  expected.  Lewkowitsch  ^  found  the  acetyl  values  of 
two  Arctic  sperm  oils  6-35  and  4-12. 

The  amount  of  free  fatty  acids  in  two  samples  of  Arctic  sperm  oil 
examined  by  Deering,  and  Thomson  and  Ballantyne,  was  2-11  and 
1-97  per  cent  respectively.  Bull  found  in  two  specimens  0-9  and  3-4 
per  cent  of  free  fatty  acids. 

With  regard  to  the  flash  point  of  the  oU  see  Vol.  I.  Chap.  V. 

A  more  recent  examination,  by  the  usual  methods,  of  two  specimens 
of  Arctic  sperm  oil  {Dunlop  ^)  gave  the  following  numbers  : — 


^  Bull  is  of  the  opinion  that  "  doeglic  acid  "  is  a  mixture  of  oleic  and  gadoleic  acids. 
Berichte,  1906,  3570. 

2  Analyst,  1899,  321.  ^  Journ.  Sec.  Ohem.  Incl.,  1908,  63. 
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874  VEGETABLE  WAXES 


Physical  and  Chemical  Characteristics  of  the  Alcohols  (Unsajwnijiable 

Matter) 


Solidifying  Point. 

Melting  Point. 

Iodine  Value. 

•0. 

Observer. 

•0. 

Observer. 

Per  cent. 

Observer. 

21 -7-22  0 

Lewkowitsch 

23  ■5-26 -5 

Lewkowitsch 

64 -8-65 -2 

Lewkowitsch 

The  change  which  Arctic  sperm  oil  undergoes  on  blowing  with  air 
is  detailed  in  the  following  table,  due  to  Procter  and  Holmes  ^  :— 


Hours. 

Specific  Gravity. 

Refractive  Index. 

Iodine  Value. 

0« 

0-885 

1-4670 

80-0 

3 

0-887 

1-4672 

76-0 

6 

0-887 

1-4672 

76-0 

9 

0-887 

1  -4673 

76-0 

12 

0-887 

1-4673 

74-0 

15 

0-888 

1-4675 

74-0 

18 

0-890 

1-4676 

73-0 

21 

0-891 

1-4677 

71-0 

24 

0-892 

1-4677 

•  71-0 

11.  SOLID  WAXES 
1.  VEGETABLE  WAXES 

Vegetable  waxes  (the  exudations  of  plant  leaves)  seem  to  be  widely 
spread  over  the  vegetable  kingdom,  though  they  mostly  occur  in  small 
quantities.  With  the  exception  of  carnaiiba  wax,  flax  wax,  gondang 
wax,  and  pisang  wax,  the  nature  of  these  waxes  [opium  wax  (Chap.  I. 
"  Waxes  ")  palm  wax,  getah  wax,  ocotilla  wax,  cotton  seed  wax,  sugar 
cane  wax,^'  esparto  wax,  etc.]  has  been  but  Httle  studied  (cp.  also 
:^tard,  La  Biochemie  et  les  chlorophylles).  _ 

A  specimen  of  "  chlorophyll  wax  "  (the  wax  accompanying  chloro- 
phyU)  examined  by  the  author  melted  at  73°  C,  and  was  found  to  consist 
entirely  of  "  unsaponifiable  matter"  representing  a  higher  alcohol. 

:  ^T;.sri'S^'"«."'L ...  o,  ^..^^^^^ 

writers  that  it  consists  of  a  saturated  alcohol  of  the  lonnula  C,,U,„0.,  (  cerosin  )  stands 
in  need  of  confirmation. 
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On  boiling  with  acetic  anhydride  it  gained  6-3  per  cent  in  weight.  The 
saponification  value  of  the  acetate  was  134-6.  The  recovered  alcohol 
melted  at  79-80°  C.  and  had  the  iodine  value  5-8. 

With  regard  to  Montan  Wax  (Lignite  Wax),  Sea-weed  Wax,  and 
Peat  Wax,  cp.  Vol.  III.  "  Candle  Manufacture." 


CARNAt?BA  WAX 

French — Gire  de  carnauha.  German — Carnaubawachs,  Cearawachs. 
Itahan — Cera  di  carnauha. 

For  table  of  characteristics  see  p.  877. 

Carnaiiba  wax  is  exuded  by  the  leaves  of  Gorypha  cerifera,  Virey 
{Gopernicia  cerifera,  Mart.),  a  palm  indigenous  to  tropical  South 
America.^  This  palm  occurs  in  the  States  of  Bahia,  Pernambuco,  Eio 
Grande  do  Norte,  Piauhy,  Ceara,  Maranhao,  and  Matto  Grosso.  It  is 
especially  plentiful  in  the  province  of  Ceara,  Brazil.  The  wax  is 
gathered  during  the  months  of  September  to  March  by  pulling  off  the 
leaves  before  they  have  fuUy  opened  and  drying  them  for  two  or  three  • 
days  in  the  sun.  During  these  six  months  the  leaves  can  be  cut  twice 
a  month,  a  good  worker  cutting  about  1500  leaves  per  day.  About 
2000  to  4000  leaves  are  required  to  produce  16  kilos,  of  wax.  The 
white  powdery  mass  covering  the  surface  of  the  leaves  is  first  brushed 
off,  then  scraped  off,  and  thrown  into  boihng  water.  After  fifteen  to 
twenty  minutes  the  wax  collects  on  the  top  as  a  dough-like  mass,  and  is 
taken  off  after  cooling. 

The  crude  wax,  as  obtained  from  the  plant,  is  dirty  greenish,  or 
yellowish ;  it  is  very  hard,  and  so  brittle  that  it  can  be  readily 
powdered. 

The  chief  ports  from  which  crude  carnaiiba  wax  is  shipped  to  Europe 
are  Ceara,  Para,  Parangua,  Pernambuco,  Kio  de  Janeiro,  and  St.  Luiz 
de  Maranhas.  The  chief  places  of  import  in  Europe  are  Hamburg  and 
Liverpool.  Considerable  quantities  are  also  shipped  to  the  United 
States,  The  total  exports  from.  Brazil  are  given  in  the  following 
table : — 


Year. 

Kilos. 

(Paper)  Milreis. 

1905 

1,895,757 

3,291,120 

1906 

2,569,247 

6,316,078 

1908 

2,592,027 

3,871,849 

1909 

3,041,083 

4,057,499 

1910 

2,680,980 

4,308,819 

1911 

3,214,152 

5,856,606 

1912 

3,099,102 

5,450,681 

1  Cp.  Brande,  Philon.  Trann.,  1811,  part  ii. 
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During  the  first  six  months  of  1913  the  exports  from  Brazil  reached 
the  record  figm-e  of  2403  metric  tons,  valued  at  £266,000. 

The  prices  of  carnaiiba  wax  are  subject  to  great  fluctuations,  as 
the  small  quantities  produced  lend  themselves  readily  to  market 
speculations. 

The  crude  carnaiiba  wax  is  refined  by  remelting  over  water  and 
removing  the  dirt.  In  the  trade  the  following  qualities  are-  differenti- 
ated :  "  yellow  flor,  yellow  prime,  yellow  medium,  grey  fatty,  and 
chalky."  These  two  latter  names  correspond  to  the  German  "  Fett- 
grau  "  and  "  Kurantgrau."  Some  quahties  are  bleached  by  filtering 
over  bleaching  earth,  etc.,  and  yield  the  "  yellow  carnaiiba  wax  "  of 
commerce.  It  should,  however,  be  noted  that  in  order  to  facilitate  the 
process  of  bleaching,  the  carnaiiba  wax  is  always  mixed  with  a  certain 
amount  of  paraffin  wax.  This  of  course  lowers  the  melting  point, 
hence  the  bleached  carnaiiba  wax  of  commerce  is  much  softer  than 
geniiine  carnaiiba  wax,  and  melts  at  about  60°  C.  Bleached  com- 
mercial carnaiiba  wax  rarely  has  a  higher  melting  point  than  74°  C, 
which  would  correspond  to  about  5  per  cent  of  added  parafiin  wax. 
When  the  percentage  of  paraflSin  wax  is  high  the  bleached  commercial 
wax  is  almost  white.  Some  makers  melt  ceresin  with  the  crude  carnaiiba, 
and  use  bichromate  of  potash  and  sulphiiric  acid  as  bleaching  agents. 

Carnaiiba  wax  dissolves  completely  in  ether  and  in  boiling  alcohol ; 
on  cooUng,  a  crystalline  mass,  of  the  melting  point  105°  C,  is  deposited 
from  the  alcohohc  solution.  On  ignition,  commercial  samples  of 
carnaiiba  wax  yielded  0-43  per  cent  of  ash. 

By  subjecting  carnaiiba  wax  to  repeated  fractional  crystallisation, 
Liebermann  ^  obtained  crystals  of  the  melting  point  92°  0.  simulating 
felted  paper  in  appearance  and  having  no  lustre  (differing  from 
cochineal  wax).  The  melting  point  could  not  be  raised  by  further 
recrystallisation. 

Carnaiiba  wax  was  formerly  looked  upon  as  consisting,  hke  beeswax, 
chiefly  of  mehssyl  (myricyl)  cerotate  and  small  quantities  of  free  cerotic 
acid  and  mehssyl  (myricyl)  alcohol ;  the  latter  is  easily  removable  by 
cold  ethyl  alcohol.  Stiircke,^  who  carried  out  a  very  complete  research 
into  the  chemistry  of  carnaiiba  wax,  maintains  that  free  cerotic  acid  is 
absent.  The  definite  acid  value,  however,  found  by  other  observers, 
undoubtedly  points  to  its  presence.  According  to  Sturcke,  the  following 
are  the  constituents  of  carnaiiba  wax  : — 

(1)  A  hvdrocarbon,  melting  at  59°-59-5°  C.    (2)  An  alcohol  of  the 
composition  G^^^^O  (ceryl  alcohol),  melting  at  76°  C.    (3)  Myiicyl 
alcohol,  C,„HboO,  melting  at  90°  C.3    (4)  A  dihydric  alcohol 
(cp  Vol   I  Chap.  III.),  melting  at  103-5°-103-8°  C.    (5)  An  acid 
C24H48O2  (carnaiibic  acid),  melting  at  72-5°  C.    (6)  An  hydroxy  acid 

1  Berichte  1885  1979.  ^  Liebig's  Annul.  223,  283. 

3  Gascard  VoM'-M.  Chem.  Soc.  Ind.,  1893,  955)  assigns  to  it  the  formula  CgiHciO. 
*  Schreiner  and  Shorey  found  in  a  black  clay  deposit  of  North  Dakota  an  acid 
C21H42O3  [Qhem.  Zeit.,  1909,  1339). 


XIV 


carnaUba  wax 


877 


o 


I 

0 


0 
O 


o 


W 


o<  o 
an  ^ 
(J 


<1W 


-ai         00  00 

00  Tjl  Tj<  <p  M  CO 

O  00  CO  O  00 
00        00        OO  00 


=3 


o 


W 


a 
W 


OJ  03 


-rjl  O  CO  OS  OS 
CO  I—  O  i-l  (M 


J3 

O 


3<i 


0) 


i 

6 


i 


"2     S  " 


-  03 


00 


CO  CD  i-l 

00  OO  00  Oi  ' 


CO  ICl  o 
00  00  03 


Ph 
to 


o 


:  p 
5 


03 


J3 


O 


■  o 

oo 


J3 

O 


0) 


CO 


a 


CO 


o 

o> 

o 

o 

(M 

OS 

OS 

\a 

OS 

OS 

00 

CO 

o 

o 

o 

o 

.    o     II  CO 

OS  g  vo  OS 


6 

vs 

CO 
a. 


VP 

o  - 


+ 

tn 
O 


a 


o 


o 


J3 

o 


J3 

o 


pq 


C53 
CD 


CD 


O 


ITS 
OS 


o 

p  2  " 
^  H 
■<  Wi 


o  — < 

O)  CO 


CO  CO 


00  ^ 

SI 
CO 

go 


w  o 

to  o 
i-i 
8  ^ 


O 

o  . 


c3  ° 

O  (D 

o 

in 

-^^  00 

0  g  ^ 

CJ 

1=^  PI 

°  M  o 

«  a. 
a 


2 


•a  ca 
a) 


878 


VEGETABLE  WAXES 


CHAP. 


Lewkowitsch  ^  found  the  acetyl  value  of  carnaiiba  wax  to  be  55-24. 

When  saponifying  carnaiiba  wax  strong  alcohoUc  potash  must  be 
employed,  and  the  solution  must  be  boiled  over  a  flame  for  about  an 
hour.  If  more  than  3-4  per  cent  of  water  are  present  in  the  alcoholic 
potash,  soap  is  apt  to  separate  which  envelops  unsaponified  wax  so  that 
low  saponification  values  are  found.  The  discrepancies  in  the  saponifi- 
cation numbers  recorded  in  the  table  (p.  877)  may  thus  find  their 
explanation.  If  strongest  alcohol  is  used,  an  amyl-alcohol  solution 
(cp.  also  p.  904)  of  caustic  potash  need  not  be  employed,  nor  is  it 
necessary  to  boil  for  twenty-four  hours.^ 

Wittels  and  Welwart  examined  two  samples  of  carnaiiba  wax,  one 
pure  and  one  undoubtedly  adulterated.  They  determined  the  following 
characteristics : — 


I. 

n. 

Acid  value  

5-1 

3-9 

Saponification  value  . 

83-4 

62-1 

Iodine  value  .... 

9-0 

6-9 

Acetyl  value  .... 

54-8 

41-0 

Melting  point  .... 

83°  C. 

81°  C. 

These  observers  conclude  from  the  microscopical  examination  that 
the  adulterated  sample  II.  is  parafl&n  wax,  and  calculated  its  proportion 
from  the  saponification  value  as  26  per  cent. 

Leys  found  on  examining  carnaiiba  wax  by  his  method  (cp.  Vol.  I. 
p.  602)  the  following  characteristics  : — 


Density  at  15°  C   •  0-978 

Acid  value    .......  7-8 

Saponification  value         .....  87-0 

Ratio  number        ......  10-1 

Iodine  value  ......  9-9 

Total  saturated  acids        .         .         .         .         .47-10  per  cent 

Melting  point  of  these  acids  (capillary  tube)    .         .     75°  C. 
NeutraUsation  value         .....  78-5 

Alcohols  49-22  per  cent 

Melting  point  of  these  alcohols  (capillary  tube)         .     81°  C. 

Acetyl  value  ......  122-0 

Hydrocarbons        ......  Nil 


Engler  ^  found  that  a  5  per  cent  solution  of  carnaiiba  wax  in  chloro- 
form gave  a  deviation  of  0-1°  to  the  right  in  a  saccharimeter  in  a  200  mm. 
tube. 

Valenta  *  examined  the  melting  points  of  the  following  mixtm-es  of 
carnaiiba  wax  with  stearic  acid,  ceresin,  and  paraflSn  wax  : — 


1  Analyst,  1899,  321.  ^  .         ,  , 

2  Cp.  Berg,  Chein.  Zeit.,  1909,  886,  who  recommends  to  saponify  m  a  solutiou  ol 
xylene  (cp.  Henriques' method,  Vol.  I.  p.  106). 

3  Chem.  Zeit.,  1906,  711.  *  Zeitschr.  f.  anal.  Chem.  23,  257. 
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Melting  Point  of  Mixtures  of  CarnaUba  Wax  with 


Proportion  of 
Cariiauba  Wax. 
Melting  Point 
85°  C. 


"Stearic  Acid "  of 
Melting  Point  58-5°  C. 


Oeresin  of  Melting  Point 
72-7"  C. 


Paraffin  Wax  of  Meltinn 
Point  eO-6'  0. 


Per  cent. 


°0. 


'0. 

79-  10 

80-  56 

81-  60 

82-  53 
82-95 


°0. 
73-90 
79-20 
81-10 
81-50 
81-70 


5 
10 
15 

20 
25 


69 
73 
74 
75 
75 


•75 
•75 

55 

■20 
80 


The  table  shows  that  the  addition  of  5  per  cent  of  carnaiiba  wax 
to  the  substances  named  produces  a  considerable  increase  in  their 
melting  point ;  further  additions,  however,  do  not  cause  a  proportional 
increase. 

Stearic  acid  if  present  in  a  specimen  of  commercial  carnaiiba  wax 
would  be  detected  by  the  high  acid  value  of  the  sample  ;  ceresin  and 
parafl&n  wax  by  the  high  percentage  of  unsaponifiable  matter. 

Carnaiiba  wax  is  employed  in  the  manufacture  of  candles,  polish- 
ing pastes,  wax  varnishes  ^  (waxing  coloured  papers  2),  phonograph 
and  gramophone  records,  cable  coverings,  water-proofing,  cerates  in 
pharmaceutical  practice,  tailors'  chalk,  etc.  It  has  the  property  in  a 
greater  degree  than  all  other  waxes  of  imparting  a  lustre  to  the  polishes 
and  preparations  made  from  it. 


French — Cire  de  candelilla.  German — Candelillawachs. 
Italian — Cera  di  candelilla. 

This  wax  is  obtained  from  a  weed,  Pedilanthus  pavonis,  belonging  to 
the  Euphorbiacea,  which  grows  in  the  semi-arid  regions  of  Northern 
Mexico  and  Southern  Texas.  The  plant  attains  a  height  of  from 
3  to  5  feet,  and  consists  of  a  bundle  of  stalks  about  half  an  inch  in 
diameter  without  leaves,  and  growing  on  one  root.  Each  plant  yields 
from  3J  to  5  per  cent  of  wax.  Another  variety,  Euphorbia  antisyphili- 
tica,  Zucc,  also  belonging  to  the  Euphorbiacea,  yields  a  similar  wax. 

These  waxes,  which  form  a  coating  on  the  entire  surface  of  the 
plant,  are  usually  obtained  by  boiling  out  the  shrub  with  water  or  steam,^ 
but  in  some  cases  extraction  with  benzine  is  resorted  to.*  The  wax 
prepared  by  the  first  process  is  of  a  brownish  colour  which  can  be 
bleached  by  exposure  to  the  sun  in  thin  sheets.    The  wax  is  very  hard 

'  Jciirn.  Soc.  Chem.  Ind.,  1894,  744. 
A.  Wolberg  (German  patent  93,439)  claims  wool  wax  as  ti,  substitute  for  carnaiiba 
wax  for  this  purpose. 

3  Watson,  United  States  patents  1,042,992,  1,058,648. 
■'  Sharp,  United  States  patent  1,018,589. 
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and  can  easily  be  powdered,  its  surface  is  capable  of  taking  a  higb 
poUsh,  and  it  is  said  to  possess  the  property  of  adding  lustre  to  polisbes, 
simulating  in  this  respect,  although  not  to  the  same  extent,  carnaiiba 
wax. 

Candelilla  wax  is  easily  soluble  in  turpentine,  hot  chloroform,  or 
carbon  tetrachloride.  The  author  suggests  the  use  of  the  last-named 
solvent  for  dissolving  the  wax  on  a  laboratory  scale  in  order  to  filter 
off  impurities. 

Fraps  and  Rather^  isolated,  from  candelilla  wax,  a  hydrocarbon 
melting  at  68°  C.  and  having  the  formula  CgoHga,  which  they  state  to  be 
hentriacontane,  and  also  another  substance,  probably  a  hydrocarbon 
melting  at  85°  C.  Sanders  ^  states  that  the.  wax  contains  hentriacontane 
and  myricyl  alcohol.  This  statement  is  in  some  measm-e  confirmed 
by  Lewkowitsch,^  who  finds  that  the  unsaponifiable  matter  shows  a 
definite  increase  on  acetylation,  namely  4*55  per  cent,  in  contradistinc- 
tion to  Hare  and  Bjerregaard,^  who  state  that  no  increase  takes  place. 

Meyer  and  Soyka  ^  show  that  the  wax,  after  removal  of  the  alcohol- 
soluble  resinous  matter,  consisted  largely  of  normal  dotriacontane 
CggHgg  which  melted  at  71°  C,  and  also  a  small  amount  of  an  oxylactone 
CgoHggOg  (meltiug  pomt  88°  C). 

Owing  to  the  primitive  methods  employed  in  the  production  of  this 
wax,  and  also  perhaps  to  other  wax-bearing  shrubs  being  mixed  with  the 
candelilla  plant  in  gathering  it,  it  is  to  be  expected  that  the  constituents 
and  characteristics  will  differ  very  greatly  for  the  various  samples. 

Candelilla  wax  should  find  an  outlet  in  the  manufacture  of  shoe 
polishes,  phonograph  records,  lacquers,  etc.  As  it  is  said  to  burn  with 
a  clear  bright  flame  it  may,  perhaps,  be  used  as  a  candle  material  in 
hot  countries. 

A  sample  of  the  wax  from  Esparto  grass  examined  by  Lewkowitsch  ^ 
had  the  melting  point  77-81°  C,  and  contained  56-1  per  cent  of  un- 
saponifiable matter  and  38-6  per  cent  of  fatty  acids  of  the  mean  mole- 
cular weight  468-8.  The  sample  examined  contained  4-7  per  cent  of 
ash,  chiefly  silica  and  alumina.  Patents  for  the  recovery  of  this  wax 
have  been  taken  out  by  Cross  and  Russell.^ 

^  Joum.  Ind.  and  Eng.  Chem.,  1910,  454. 

^  Froc.  Chem.  Soc.  vol.  xxvii.  250. 

^  Unpublislied  observation. 

*  Journ.  Ind.  and  Eng.  CImn.,  1910,  203. 

=  MonatsL  f.  Chem.,  1913,  1159. 

"  English  patent  8268,  1908  ;  French  patent  395,250. 
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FLAX  WAX^ 

Frencli — Gire  de  lin.  German — Flachswachs.  Italian — Cera  di  lino. 

The  surface  of  tlie  flax  fibre  is  coated  with  a  waxy  substance  which 
can  be  isolated  by  extraction  with  volatile  solvents. 

The  flax  wax  so  obtained  is  a  white  or  yellowish-green  or  yellowish- 
brown  solid  substance  of  dull,  wax-hke  fracture  and  possesses  a  very 
pronounced  odour  of  flax.  The  wax  dissolves  with  difficulty  in  chloro- 
form, but  is  readily  soluble  in  the  usual  solvents.  In  alcohol  it  is  only 
partially  soluble. 

The  fatty  acids  in  flax  wax  consist  of  the  saturated  acids  :  palmitic 
and  stearic,  and  of  the  liquid  acids  :  oleic,  hnoUc,  and  Unolenic.  The 
identity  of  the  liquid  acids  was  proved  by  the  isolation  of  their  oxidation 
products.  The  81-3  per  cent  of  alcohols  plus  hydrocarbons  given  in  the 
table  consist  in  the  main  (to  the  extent  of  70-80  per  cent)  of  a  sohd 
hydrocarbon,  melting  at  68°  C,  and  having  the  specific  gravity  0-9941 
at  10°  C.    The  remainder  is  a  mixture  of  phytosterol  and  eery]  alcohol. 


Physical  and  Chemical  CJiaracteristics  of  Flax  Wax  ^ 


Specific 
Gravity 
at  15°  C. 

Melting 
Point. 
"C. 

Acid 
Value. 

Saponification 

Value. 
Mgrms.  KOH. 

Iodine 
Value. 
Per  cent. 

Ueichert- 
Meissl  Value, 
c.c.  A  norm. 
KOH. 

Alcohol8+ 
Hydrocarbons. 
Per  cent. 

0-9083 

61-5 

54-49 

101-51 

9-61 

9-27 

81-32 

EAPHIA  WAX 


This  wax,  which  is  obtained  from  Raphia  Ruffia,  a  palm  indigenous 
to  Madagascar,  forms  a  whitish  layer  on  the  under  side  of  the  leaf, 
from  which  it  can  be  easily  detached  by  rubbing  lightly  with  the  finger. 
The  glossy  epidermis  of  the  leaves  yields  the  commercial  "  bass,"  and 
after  stripping  this  off  the  "  residues  "  are  spread  on  cloths  in  the  open 
air  (but  sheltered  from  the  wind).  The  dried  leaves  are  then  shaken 
or  rubbed  between  the  hands,  when  the  wax  comes  off  easily  as  a  fine 
powder  By  boiUng  with  water,  the  powder  is  refined ;  the  earthy 
matter  settles  out  and  the  crude  wax  is  ladled  off  and  ahowed  to  soUdify. 

At  present  only  small  quantities  are  prepared  in  Madagascar  for  the 
market  •  but  should  the  demand  increase,  considerable  quantities  can 
be  obtained,  as  the  dried  leaves,  after  having  been  stripped  off  the 
"  bass,"  yield  about  10  per  cent  of  wax.    The  crude  wax  resembles 

carnaiiba  wax.  .  ,  t      n  \  -i 

Its  specific  gravity  is  0-950  and  its  melting  point  82°  C.  {Jumelle). 

1  Cross  and  Bevan,  Journ.  Chem.  Soc,  1890,  196. 

C.  Hoffnieister,  Berichie,  1903,  1047. 
»  Compt.  rend.,  1905  (141),  1251. 
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The  wax  is  sparingly  soluble  in  cMoroform,  ether,  petroleum  ether, 
benzene,  carbon-bisulphide,  and  acetone.  It  dissolves  in  boiling  alcohol, 
but  separates  on  cooling.  According  to  Haller,^  this  wax  consists  chiefly 
of  an  alcohol  of  the  formula  CgoH^gO,  which  is  not  identical  with  arachyl 
alcohol  prepared  from  arachidic  acid. 

Two  specimens  of  RapJda  examined  in  the  Imperial  Institute  ^ 
gave  the  following  result : — 


I. 

II. 

Specific  gravity  at  99°  C.  (water  at  15-5°  0.) 

0-836 
82°  C. 

4-9 
51-3 

7-7 

0-832 
83°  C. 

6-5 
50-3 
10-7 

COTTON  SEED  WAX 

French — Gire  de  coton.  German — Baumwollsamenwachs. 
Italian — Cera  di  cotone. 

This  wax  is  contained  in  the  raw  cotton  to  the  extent  of  about 
0-5  per  cent,  and  may  be  extracted  therefrom  with  benzol.  The  crude 
wax  resembles  beeswax  in  consistency.  Kneclit  and  Allen  ^  separated 
the  crude  wax  into  two  portions  by  means  of  petroleum  ether ;  the 
soluble  portion  constituting  about  70  per  cent  of  the  crude  wax,  melting 
at  66-67°  C.  and  containing  a  small  amount  of  combined  glycerine, 
and  the  insoluble  portion  which  was  dark  green  in  coloiu-  and  plastic, 
melting  at  68°  0.  These  observers  separated  the  petroleum  ether 
soluble  portion  into  two  fractions  by  boiling  with  96  per  cent  alcohol  : 
the  alcohol-insoluble  portion  (18-8  per  cent)  representing  a  glossy  wax 
melting  at  78°  C.  and  having  the  iodine  value  11'28,  and  the  alcohol- 
soluble  portion  melting  at  62°  C.  and  having  the  iodine  value  33-42. 

The  wax  contained  47-5  per  cent  of  unsaponifiable  matter,  from 
which  the  authors  isolated  a  phytosterol,  the  acetate  of  which  melted  at 
127-2°  C.  Piest  *  extracted  from  raw  American  cotton  a  waxy  body 
by  means  of  the  following  solvents ;  the  different  solvents  extracted 
various  amounts,  namely : — ether,  0-74  per  cent ;  benzene,  0-87  per 
cent ;  petroleum  ether,  0-5  per  cent ;  and  absolute  alcohol,  1-23  per 
cent.  The  alcoholic  extract  had  the  saponification  value  159  and  the 
iodine  value  22-1. 

1  Compt.  rend.,  1907  (144),  594, 
^  BvM.  Imp.  Inst.,  1908,  383. 
^  Journ.  Sue,  Dyers  and  Colourist.s,  191],  142. 
Zeitaclvr.  f.  angew.  Ohem.,  1912,  396. 
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GONDANG  WAX^  (GETAH  WAX  ?) 

Frencli — Cire  de  gondang  {Cire  de  getah  ?).  German — Gondangwachs 
(Getahwachs).  Italian — Cera  di  gondang  (di  getah). 

TMs  wax  is  obtained  by  the  Javanese  from  a  wild  fig-tree,  gondang 
{Ficus  ceriflua,  Jungb ;  Ficus  suhracemosa,  BL),  by  boiling  the  latex 
with  water  until  the  wax  separates.  The  cakes  of  gondang  wax  have 
a  chocolate  colour  outside,  and  are  yellowish- white  inside.  The 
yellowish- white  colour  becomes  gradually  brown  on  exposure  to  the  air. 
The  wax  is  hard  and  shows  conchoidal  fracture,  but  is  not  very  friable. 
The  crude  wax  is  stated  to  form  a  "transition  product"  between 
india-rubber  and  wax.  The  crude  wax  melts  at  about  60°  C.  ;  it  then 
forms  an  extremely  viscous  mass  which  can  be  drawn  out  in  threads, 
and  separates  on  standing  into  two  layers— melted  wax  and  a  brown 
aqueous  layer.  On  cooling,  the  wax  remains  viscous  for  some  time  ; 
finally  a  white  mass  separates. 

The  specific  gravity  of  the  melted  wax  is  1-0115  at  15°  G. ;  it  softens 
at  55°  C,  but  is  not  completely  melted  at  73°  C.  It  dissolves  in  benzene, 
carbon  bisulphide,  chloroform,  oil  of  turpentine,  petroleum  ether,  as 
also  in  boiling  ether,  alcohol,  and  amyl  alcohol.  By  purifying  it  with 
boiling  alcohol,  70  per  cent  of  the  material  are  obtained  as  a  white 
crystalline  mass,  melting  at  61°  C,  soluble  in  boiling  alcohol  and  insoluble 

in  cold  alcohol.  ■  n     t  ^i. 

The  purified  wax  of  the  melting  point  61°  C.  consists  chiefly  of  the 

ficoceryl  ficocerylate. 

On  subjecting  gondang  wax  to  destructive  distillation,  an  aqueous 
distillate  containing  acetic  acid  and  propionic  acid  is  obtained  first, 
foUowed  by  an  oily  Uquid  containing  a  hydrocarbon,  G^JI^q,  a  crystaUine 
acid,  melting  at  54°  C,  of  the  formula  G.^RA 
at  51°  G.,  of  the  formula  G^Ji^^O. 


PISANG  WAX^ 

Trench— C*Ve  de  Pisang.  German— Pisdngwachs,  Bananenwaclis. 
Italian — Cera  di  Pisang. 

Pisang  wax  is  found  as  a  powdery  mass  on  the  leaves  of  Cera  Musw, 
indigenous  to  Java.  The  natives  collect  the  wax  in  much  the  same 
manner  as  carnaiiba  wax  is  gathered,  by  scraping  it  off  the  leaves  and 
melting  the  scrapings  in  boihng  water.  One  branch,  carrying  about 
Len  leaves  (each  on  an  average  about  6  feet  long)  yields  60  grms.  of 
wlx  The  exported  wax  forms  hard  cakes  of  white,  yellowish,  oi 
Ightly  green  colom-.    The  wax  is  sUghtly  transparent,  of  granular 

1  Greslioir  and  Sack,  Jicc.  des  trav.  clnm.  cks  Pays-Bas,  1901,  65. 

Ibid. 
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crystalline  fracture,  and  easily  friable.  The  commercial  product  contains 
only  1  per  cent  of  ash. 

The  specific  gravity  varies  from  0-963  to  0-970 ;  the  melting  point 
is  fr'om  78°  to  81°  C,  and  the  saponification  value  109. 

The  wax  dissolves  sparingly  in  strong  boiling  alcohol ;  it  is  also 
sparingly  soluble  in  most  solvents.  It  dissolves  easily,  however,  in 
boiling  oil  of  tm-pentine,  amyl  alcohol,  and  carbon  bisulphide.  At 
15°  C.  the  following  quantities  are  retained  in  solution  :  by  petroleum 
ether  0-1  per  cent,  acetone  0-5  per  cent,  ether  0-7  per  cent,  oil  of  tur- 
pentine 1  per  cent,  chloroform  1-7  per  cent,  and  carbon  bisulphide 
1*8  per  cent. 

The  was  consists  of  the  pisangceryl  ester  of  pisangcerylic  acid. 
The  commercial  samples  contain  only  1  to  1-5  per  cent  of  free  fatty 
acids. 

On  subjecting  the  wax  to  destructive  distillation  a  small  quantity 
of  aqueous  distillate  passes  over  whilst  the  temperature  rises  rapidly 
to  200°  C.  From  210°  to  320°  C.  a  buttery  mass  distHs  over,  which 
can  be  separated  by  expression  into  a  liquid  and  a  sohd  portion.  The 
liquid  portion,  after  purification  by  sulphuric  acid  and  re-distUlation, 
appears  to  be  a  hydrocarbon  having  the  formula  G-j^qH.^.  The  solid 
mass  after  being  crystaUised  from  alcohol  melts  at  63-5°  C,  and  is  stated 
to  have  the  composition  expressed  by  the  formula  C27H54O2. 


PALM  WAX 

French — Cire  de  palmier.  German — Palmwachs. 
ItaUan — Cera  di  palma. 

This  wax  is  obtained  from  Ceroxylon  andicola,  Humb.  (indigenous 
to  the  Andes),  and  Klopstockia  cerifera,  Karst.  (indigenous  to  Columbia). 
These  two  palms  exude  from  their  trunks  a  wax-hke  mass  which  is 
collected  by  the  natives.  It  is  a  greenish-white  powder  and  is  purified 
in  a  somewhat  crude  fashion  by  melting  over  fire  and  boiling  with 
water.  This  crude  product  is  stated  to  be  a  mixture  of  pm'e  wax  with 
a  resinous  substance,  which  can  be  removed  by  repeated  crystallisation 
from  boiling  alcohol,  in  which  the  resinous  matter  is  readily  soluble. 
The  chemical  characteristics  are  said  to  be  very  similar  to  those  of 
carnaiiba  wax.  It  should,  however,  be  noted  that  commercial  products 
sold  as  palm  wax  have  frequently  been  found  to  be  nothing  else  but 
carnaiiba  wax. 

Madagascar  RJdmba  wax  is  furnished  by  the  "  Ehimba  "  tree  of 
Madagascar.  It  appeared  in  commerce  a  few  years  ago  in  the  shape  of 
small  irregular  masses  adhering  to  pieces  of  bark  from  the  tree.  Most 
of  these  masses  were  encrusted  with  woody  and  earthy  particles,  others 
had  a  smooth  but  dull  and  greyish  surface  resembling  resins,  which 
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harden  wlien  running  out  from  the  trunks  of  the  trees.  Rhimba  wax 
appears,  therefore,  to  consist  of  a  mixture  of  a  vegetable  wax  and  resin. 

Jasmine  flower  wax  is  obtained  from  the  petals  of  the  jasmine  flower, 
Philadelphus  coronarius,  as  a  by-product  in  the  process  of  extracting 
the  flowers  with  petroleum  ether.  After  evaporating  off  the  petroleum 
ether,  the  ethereal  oil  is  extracted  fi'om  the  residue  by  alcohol,  leaving 
behind  a  hard  yeUowish-brown  mass  for  which  Radcliffe  and  Allan  ^ 
found  the  following  characteristics  : — 


Wax— 


Acid  value 

2-8 

Saponification  value  . 

65-8 

Iodine  value 

52-0 

Falty  Acids — 

Melting  point  . 

57-65°  C. 

Mean  molecular  weight 

398 

Iodine  value 

39 

Curcas  wax  occurring  on  the  bark  of  Jalropha  Gurcas  (see  p.  231) 
consists,  according  to  Sack,^  of  mehssyl  alcohol  and  melissyl  melissate. 

Lesser  known  vegetable  waxes  are  the  wax  from  Ficus  ruUginosa 
{Wa/rren  de  la  Rue  and  Muller),  the  wax  from  Antiaris  toxicaria,  Lesch. 
(Upas-tree),  ocotilla  wax,  coffee  berry  wax^  (cp.  p.  371),  the  wax  from 
Langadorffis  hypogcea,  Mart.  (Balanophore  wax),  and  shellac  wax.* 

Ocotilla  wax  ^  is  obtained  fi'om  a  shrub  Moquinia  hypolenca,  D.C. 
{Fouquiera  splendens),  belonging  to  the  order  Compositce,  growing  wild 
on  the  coast  of  Rio  Grande.  The  author  obtained  a  yield  of  about 
2  per  cent  from  the  entire  plant,  the  bulk  of  which,  however,  was 
contained  in  the  leaves,  the  stem  and  the  stalks  yielding  but  a 
small  proportion.  The  extracted  wax  had  the  following  character- 
istics : — 

Acid  value 

Saponification  value  . 
Unsaponifiable  matter 
Melting  point  of  same 
Fatty  acids 
Melting  point  of  same 
Mean  molecular  weight 


185-0  (?) 

43-11  per  cent 

64-66°  C. 

23-9  per  cent 

60°  C. 
268-3 


1  Journ.  Soc.  Chem.  Incl,  1909,  227. 

2  Chem.  CentralbL,  1906,  i.  1106. 

3  Meyer  and  Eckert,  Monatsh.  f.  Chem.,  1910,  1250. 
*  Ljubarski,  Seifensiederztg.,  1913,  127. 

5  Cp.  F.  Epliraim,  German  patent  216,792. 
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OANE  SUGAR  WAX 

French — Gire  de  sucre  de  cane.  German — RohrzucherwacJis. 
Italian — Cera  di  zucchero  vegetale. 

This  wax  is  obtained  as  a  by-product  in  the  manufacture  of  sugar 
fi'om  the  cane  either  by  scraping  the  stem  or  skimming  ofi  the  juice 
obtained  by  boiling  out  the  cane.  Wijnberg  has  patented  a  process  for 
recovering  the  wax  from  the  filter  press  residues  obtained  in  the  purifica- 
tion of  the  sugar  juice  with  lime.^  In  the  factories  the  residues  from  the 
filter  presses  are  allowed  to  ferment  when  the  glycerides  appear  to  be 
decomposed,  the  more  resistant  wax-Hke  bodies  remaining  unattacked. 
Wijnberg  examined  the  samples  of  the  crude  wax  prepared  from  both 
the  fresh  and  fermented  residues,  and  obtained  results  collated  in  the 
table  of  characteristics.  Wijnberg  ^  also  found  a  large  amount  of 
lecithin  and  a  phytosterol. 

The  crude  wax  is  a  dark  brown  or  dark  green,  hard  mass,  and  some 
specimens  are  sticky  to  the  touch. 

1  United  States  patent  941,401  ;  Frenoh  patent  397,843  ;  English  patent  1322, 1909. 
^  Inaug.  Dissert,,  Amsterdam,  1909. 
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VEQETABLE 
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CHAP. 


Observer. 

Wijnberg 

Lewkowitsch 

Acetyl 
Value. 

55-60 

Glycerol. 

Fatty 
Acids. 

•• 

33-28 

Unsaponi- 
flable 
Matter. 

27-7 

55-80 

69-1 

Insoluble 
Acids  ^- 
Unsaponi- 

flable. 
Per  cent. 

00 

Ueichert- 
Meissl 
Value. 

Acid 
Value. 

38-6 
8-4-12 
11-9 

Iodine 
Value. 

60  1 
13-4-16-2 
87-7  j 

Saponi- 
fication 
Value. 

167-9 
45-5-57 
81-1 

Melting 
Point. 

55 
55-79 
58-59 

Solidi- 
fying 
Point. 

to 

Specific 
Gravity 
at  100/15. 

0-968 
0-981 
0-8785 

Decomposed  wax 
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2.  AlSrCMAL  WAXES 

The  animal  waxes  contain  but  small  quantities  of  unsaturated  acids 
and  unsaturated  alcohols.  The  acid  and  alcoholic  constituents  of 
beeswax,  spermaceti,  and  insect  wax  belong  chiefly  to  the  saturated 
(aliphatic)  series.  Wool  wax,  however,  has  an  exceptional  chemical 
composition ;  some  of  its  alcohols  are  derivatives  of  the  cholesterol 
series,  and  its  fatty  acids  are  characterised  by  the  facility  with  which 
they  become  dehydrated.  Wool  wax  is  also  remarkable  on  account  of 
the  difficulty  with  which  it  is  saponified  even  by  alcoholic  caustic 
potash. 

Like  aU  natural  products  the  individual  waxes  exhibit  variations 
depending  on  the  race  of  the  animal,  etc.  This  holds  especially  good 
of  the  difierent  beeswaxes. 


WOOL  WAX^  (wool  GEEASB) 

French — Cire  de  suint.  German — WoUwachs.  Italian — Cera  di  Una. 
For  tables  of  characteristics  see  pp.  891,  892. 

The  term  wool  wax  was  proposed  by  the  author  for  the  neutral 
portion  of  raw  wool  fat—"  wool  grease,"— and  has  now  been  adopted 
by  modern  writers. 

Wool  fat,  Wool  grease,  Recovered  grease,  Brown  grease  :  ^  French— 
Suintine  ;  German— Wollfett,  Wollschweissfett,  Sumter  ;  Italian— GVasso 
di  Una  greggio,  sugna,  is  the  natural  grease  contained  in  sheep's  wool. 
In  the  course  of  preparing  the  raw  wool  for  spinning,  this  grease  is 
removed  by  means  of  dilute  soap  (or  sodium  carbonate)  solutions,^  or 
by  extraction  with  volatile  solvents.  In  this  country  the  suds  from 
wool-scouring  are  usually  collected  in  large  tanks,  and  by  acidulating 
with  mineral  acids,  "  brown  grease,"  or  "  recovered  grease,"  ^  is  ob- 
tained of  varying  composition,  according  as  to  whether  the  suds  from 
the  wool  are  kept  separate  or  are  mixed  with  the  soap  suds  from  the 
scoured  woven  goods,  which  latter  process  is  the  one  adopted  in  those 
woollen  mills  where  wool  is  washed,  spun,  and  woven  (cp.  Vol.  III. 
Chap.  XVI.  "  Wool  Grease  ").  The  degreasing  of  wool  by  means  of 
an  electric  current  has  been  patented  by  Lagtje  and  Vandatte.^ 

The  wool  grease,  obtained  by  extracting  raw  wool  with  volatile 
solvents,  contains  of  course  only  the  natural  constituents,  viz.  free 
fatty  acids,  neutral  esters,  and  free  alcohols,  in  admixture  with  potassium 
salts  of  fatty  acids. 

'  Lewkowitsch,  Journ.  Soc.  Oliem.  hid.,  1892,  135  ;  189G,  14. 
In  tlie  United  States  this  grease  is  known  ooninicicially  as  "Di'gras." 
Dantzer  (French  patent  372,7.57)  patents  the  employment  of  aqueous  solutions 
containing  only  the  water-soluble  portions  of  wool-scouring  suils. 
French  patent  399,875. 
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The  wool  fats  from  various  sources  vary  considerably  within  certain 
Hmits  much  as  other  natural  products  do.  The  following  table  contains 
some  characteristics  of  several  wool  fats  obtained  by  extracting  raw 
wool  with  ether  : — 


Source  of  Wool 
Fat. 

E^om 

Yield 
of  Wool 

Fat. 
Per  cent. 

Potash  Salts 
in  Wool  Fat 
calculated  to 
Potassium 
Oleate. 
Per  cent. 

Colour. 

Con- 
sistence. 

Acid 
Value. 

Saponifica- 
tion Value. 

Alcohols 
(unsaponi- 
flable). 
Per  cent. 

Ob- 
servei'. 

1.  New  Zealand 

16-6 

4-9 

dark  red 

fairly 

14-3 

110-5-110-7 

43 ■6-43 -9 

Herbig 

wool 

soft  when 

fresh, 

becomes 

harder  on 

keeping. 

2.  Australian  wool 

lG-0 

4-24 

brownish- 

fairly 

15-5 

112-7-113-3 

M 

yellow 

soft,  re- 

mained 

so  after 

keeping. 

3.  South  American 

13-2 

9-25 

yellowish- 

fairly 

13-2 

98-7-98-9 

43-1-43-6 

)l 

wool 

olive-green 

hard. 

4.  Russian  wool 

6-6 

24-4 

dirty 

soft  at 

13-9 

94 -2-95 -9 

38-7-39  •! 

If 

brown 

20°  C. 

5.  Australian  wool 

light 

melts 

27-4 

100-3 

55-12 

Lewko- 

brown 

at  30-6°  C. 

witsch 

Since  the  valuable  property  of  wool  fat,  viz.  that  of  yielding  emul- 
sions with  water  which  are  easily  absorbed  by  the  skin,  has  been  re- 
discovered,^ the  raw  wool  fat  is  purified  by  various  (patented  2)  pro- 
cesses, and  the  refined  neutral  wool  fat — wool  wax — is  brought  into 
commerce  either  in  an  anhydrous  state  (under  such  names  as  "  adeps 
lanse  "),  or  in  the  hydrated  state  (under  the  name  "  lanolin  ").  Other 
commercial  names  are  "  agnin,"  "  alapurin,"  etc.  (cp.  Vol.  III.  Chap. 
XVI.  "  Wool  Grease  "). 

Anhydrous  wool  wax  is  a  pale  yellow,  translucent  substance,  having 
a  slight  but  not  unpleasant  smell  (in  contradistinction  to  raw  wool 
grease,  which  is  characterised  by  its  pecuUar  disagreeable  smell,  recalling 
that  of  sheep).  Its  consistence  is  that  of  a  thin  ointment.  It  dissolves 
readily  in  chloroform,  ether,  and  ethyl  acetate.  Although  insoluble  m 
water,  it  possesses  the  remarkable  property  of  absorbing  larger  quantities 
of  water  than  any  other  wax  ;  even  if  as  much  as  80  parts  of  water  be 
mixed  with  100  parts  of  wax,  the  emulsion  which  is  formed  with  water 
has  the  appearance  of  a  perfectly  homogeneous  mass.  A  mixtm-e  of 
neutral  wax  and  water,  containing  about  22-25  per  cent  of  the  latter, 
is  sold  in  commerce  under  the  name  "  lanoUn  "  (see  below). 

Wool  wax  is  not  completely  saponified  by  aqueous  caustic  alkalis  ; 
even  prolonged  boiling  with  alcoholic  potash  under  ordinary  pressure 
does  not  efiect  complete  saponification.  Sodium  alcoholate  (or  absolute 
alcohol  and  metallic  sodium)  or  alcoholic  potash  under  pressure  readily 
efiect  complete  saponification  (cp.  Vol.  I.  Chap.  II.). 

1  Joum.  Soc.  Chem.  Lid.,  1892,  136  ;  1896,  U. 
^  Cp.  Langbeck,  Joum.  Soc.  Chem.  Ind.,  1890,  356. 
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II.  Physical  and  Chemical  Characteristics  of  the  Insoluble  Fatty  Acids 


Solidifying 
Point. 
°C. 

Melting 
Point. 
°C. 

Mean 
Molecular 
Weiglic. 

Iodine 
Value. 
Per  cent. 

Observer. 

40 

41-8 

327-5 

17 

Lewltowitsch 

III.  Physical  and  Chemical  Characteristics  of  the  Mixed  Alcohols 


Solidifying 
Point. 
°C. 

Meltiny 
Point. 
°C. 

Mean 
Molocnlar 
Weight. 

Iodine 
Value. 

Acetyl 
Value. 

Observer. 

28 1 

33-51 
44-4-48-9  2 

2391 

361 
26-42 

143-8  " 

Lowkowitsch 

)  y 

IV.  Chemical  Characteristics  of  the  Neutral  Esters 


Saponification 
Value. 

Patty  Acids. 

Alcohols. 

Observer. 

Mgrms.  KOH. 

Per  cent. 

Per  cent. 

96-9 

56-66 

47-55 

Lewkowltsch 

The  chemical  composition  of  wool  wax  is  not  fully  known.  Wool 
wax  evidently  consists  of  a  very  complex  mixture  of  esters  and  free 
alcohols  ;  amongst  the  alcohols,  cholesterol  and  isocholesterol  occur  to 
a  large  extent.  Owing  to  the  presence  of  high  proportions  of  these 
alcohols  wool  wax  rotates  the  plane  of  polarised  hght.  Walden  found 
the  specific  rotation  [a]5  =  +  6-7°  at  35°  C,  and  in  a  25  per  cent  chloro- 
form solution  [aju  =  +  8-55°.  In  a  25  per  cent  benzene  solution  Rakusin 
found  [a]D=  +2-8. 

Lewkowitsch  was  the  first  to  show  that  the  previously  accepted 
statement,  viz.  that  neutral  wool  wax  is  a  mixture  of  cholesteryl  (and 
isocholesteryl),  oleates,  and  stearates,  is  erroneous.  The  low  iodine  value 
of  both  the  fatty  acids  and  the  alcohols  precludes  this  altogether.  The 
absence  of  palmitic  and  stearic  acids  has  been  confirmed  later  on  by 
Darmstddter  and  Lifschutz?  Nor  should  Buisine's  assertion  that  ceryl 
cerotate  *  is  present  be  accepted  without  further  proof,  as  ceryl  alc9hol 
occurs  in  raw  wool  fat  in  the  free  state.    An  inquiry  into  the  natxure  of 

1  From  raw  wool  fat.  ^  From  lanolin.       ^  BericMe,  1898,  103. 

G.  de  Sanctis,  Chem.  Zeit.,  1895,  651,  states  that  corotic  acid  occurs  in  wool  fat. 
According  to  Darmstiidter  and  Lifschiitz,  the  quantity  of  cerotic  acid  can  only  be  very 
small. 
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the  components,  carried  out  by  the  author,^  has  shown  that  the  mean 
molecular  weight  of  the  alcohols  (239),  in  conjunction  with  the  low 
iodine  value  (36),  points  to  the  presence  of  lower  saturated  alcohols, 
since  cholesterol  and  isocholesterol  have  the  molecular  weight  372  and 
the  iodine  absorption  68-3  (cp.  Vol.  I.  Chap.  II.).  The  fatty  acids,  owing 
to  their  low  iodine  absorption,  cannot  consist  to  any  considerable  extent 
of  oleic  acid.  The  author  has  shown  that  they  contain  hydroxy  acids,^ 
as  they  easily  give  off  the  elements  of  water  at  temperatures  little  above 
100°  C,  with  formation  of  inner  anhydrides  or  lactones,  and  assimilate 
considerable  quantities  of  acetic  anhydride,  forming  acetylated  acids. 

Marchetti^  stated  that  he  isolated  from  wool  wax  an  alcohol  of 
the  formula  C12H24O — ^termed  lanolin  alcohol.  Since,  however,  two 
other  alcohols  described  by  Darmstddter  and  Lifschiitz,'^  and  supposed 
to  form  a  homologous  series  with  lanolin  alcohol,  have  been  shown  to 
be  lactones  (see  above),  the  existence  of  this  alcohol  becomes  doubtful. 

The  results  of  a  further  examination  of  wool  wax  carried  out  by 
Darmstddter  and  Lifschutz  ^  have  been  collated  by  the  author  in  a 
synoptical  form  in  the  following  table  ^  : — 


1  Journ.  Soc.  Chem.  Ind.,  1892,  136  ;  1896,  14.    Cp.  Vol.  I.  Chap.  XI. 

2  if)i^_  3  Oazz.  chim.  ital.,  1895,  22. 
*  Berichte,  1895,  3133  ;  cp.  Jahrbuch  cl.  Chem.,  1896,  vi.  375. 

5  Ibid.,  1896,  618  ;  2890  ;  Joimi.  Soc.  Chem.  Ind.,  1896,  548  ;  1897,  150. 

^  Jah/rbuch  d.  Chem.,  1898,  viii.  405. 
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The  alcohols  mentioned  under  B  do  not  contain  cholesterol. 
The  alcohol  "2c"  gives  the  colour  reactions  of  cholesterol,  but  since 
cholesterol  itself  could  not  be  isolated,  Darmstadter  and  Lifschutz  con- 
cluded that  cholesterol  is  only  formed  during  the  reaction,  and  that 
the  alcohol  "2  c  "  should  be  looked  upon  as  a  hydrated  cholesterol, 
fi'om  which  cholesterol  and  isocholesterol  are  obtained.  Further 
researches  are  required  to  elucidate  the  complicated  composition  of 
wool  wax.  Since  cholesterol  and  isocholesterol  difEer  in  their  optical 
rotation  (cholesterol  being  Isevorotatory  and  isocholesterol  dextro- 
rotatory in  ethereal  solution),  the  polariscopic  examination  of  the 
alcohols  should  lead  to  more  definite  information  (Vol.  I.  Chap.  I.). 
This  is  aU  the  more  required  since  in  a  more  recent  publication  Schulze  ^ 
maintains  his  earlier  statements  on  isocholesterol. 

A  renewed  inquiry  into  the  work  of  Darmstadter  and  Lifschutz  by 
Rohman  and  Siebert  ^  has,  however,  proved  that  part  of  the  substances 
which  had  been  obtained  by  Darmstadter  and  Lifschutz  are  only  formed 
in  the  course  of,  and  are  due  to  the  manner  of,  preparing  the  products 
described  by  them,  and  that  another  part  does  not  consist  of  chemical 
individuals,  but  of  a  mixture  of  the  original  substances  with  their 
products  of  saponification.  As  far  as  can  be  stated  at  present  wool  wax 
contains  lanocerin,  which  is  isolated  by  repeatedly  boiling  out  wool  fat 
with  an  equal  amount  of  methyl  alcohol,  dissolving  the  undissolved 
portion  in  ether,  and  precipitating  it  with  alcohol.  Lanocerin  appears 
to  be  the  inner  anhydride  of  lanoceric  acid.  With  regard  to  carnaiibyl 
alcohol  see  footnote,  p.  894,  and  Vol.  I.  Chap.  III. 

To  some  extent  the  difierences  in  the  results  obtained  by  the  several 
observers  may  be  due  to  the  difierence  in  the  composition  of  the  wool 
fats  from  which  the  wool  waxes  were  isolated. 

Lewkowitsch  ^  found  the  acetyl  value  of  a  sample  of  wool  wax  from 
"  lanohn  "  23-3,  and  of  the  wool  fat  alcohols  143-8. 

Owing  to  its  property  of  forming  an  emulsion  with  water  (which 
will  not  separate  into  two  layers  even  after  several  years'  standing), 
and  to  the  ease  with  which  it  is  absorbed  by  the  skin,  wool  wax  is  used 
as  a  basis  for  ointments  *  and  cosmetics.^  The  British  and  the  German 
Pharmacopoeia  recognise  two  preparations,  viz.  Adeps  lanse  anhydrous, 
i.e.  pure  wool  wax,  and  Adeps  lanse  hydrosus,  i.e.  hydrous  wool  wax, 
better  known  under  the  trade  term  "  Lanolin."  For  further  informa- 
tion on  the  subject  of  wool  fat  cp.  Vol.  III.  "  Wool  Grease." 

'  Berichte,  1898,  1200.  ^  Centralbl. /.  Physiol.,  1905,  xix.  No.  10. 

Analyst,  1899,  321. 

■*  With  regard  to  the  solubility  of  mercuric  chloride,  mercnric  nitrate,  sulphur, 
ferrous  sulphate,  ferric  chloride,  lead  acetate,  iodine,  potassium  iodide,  iodoform, 
phenol,  and  camphor  in  lanoline,  op,  G.  Close,  Archives  intemationales  de  pharmaco- 
dynamie  el  delherapie,  1907,  460. 

"  Cp.  P.  G.  Unna,  Medizinische  Klinik,  1907,  No.  42. 
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BEESWAX  ^ 


Frencli — Gire  d'aheilles.  German — Bienenwachs.  Italian — Cera  d'  api. 
For  table  of  cLiaracteristics  see  p.  920. 

Beeswax  is  secreted  by  the  common  bee,  Apis  mellifica,  as  also 
by  other  species  of  Apis  and  Trigona,  as  a  product  of  digestion ;  it 
serves  to  the  bees  as  the  material  for  building  up  the  honeycombs. 

At  present  the  honey  is  removed  from  the  combs  by  centrifugal 
machines.  A  description  of  modern  apparatus  has  been  given  by 
W.  F.  Reid.^ 

For  places  of  production  see  table,  p.  909. 

The  older  process  of  preparing  beeswax  consisted  in  melting  the 
emptied  honeycombs  by  immersion  in  hot  water,  and  filtering  the 
liquefied  wax  from  impurities  (such  as  dead  bees,  etc.).^  A  more  modern 
process  is  to  prepare  the  wax  by  expression  after  having  melted  the 
honeycombs  and  removed  gross  impmities  by  straining.  The  press- 
residue  is  again  boiled  up  and  pressed  once  more.  The  residue  from  the 
second  expression  still  contains  some  10-15  per  cent  of  wax.  Such 
residues  are  collected  together  in  special  estabhshments,  and  the  wax 
is  recovered  by  extraction  with  solvents.*  This  product,  known  as 
"  extracted  beeswax,"  differs  somewhat  from  the  beeswax  obtained  by 
expression.  It  presents  a  dark  brown,  soft  mass,  greasy  to  the  touch 
and  of  unpleasant  odour  ;  on  boihng  with  water  it  gives  up  a  yellow 
colom-ing  matter.  Hirschel^  examined  three  genuine  samples  of 
"  extracted  "  wax.  Chemically  they  differed  from  expressed  wax  by 
having  a  somewhat  higher  acid  value  (23-3-27-1)  and  a  much  higher 
iodine  value  (31-2-39-6).  In  Weinwurm's  paraffin  wax-  or  ceresin-test 
(see  p.  921)  they  behaved  like  samples  of  genuine  beeswax  containing 
about  5  per  cent  of  admixed  paraffin  wax.  Since  "  extracted  "  beeswax 
is  rarely  sold  in  commerce  as  such,  the  following  notes  refer  only  to 
expressed  wax,  i.e.  the  yellow  wax  of  commerce. 

Gahriloivitsch^  examined  samples  of  Eussian  extracted  wax  and 
found  the  following  characteristics  : — 


Specific  gravity  . 
Melting  point,  °  C. 
Acid  value 
Saponification  vaClue 
Ratio  number 


0-95-0-97 
60-64 
18-22 
88-100 

3-55-3-88 


The  propohs  (German  "  Klebwachs  "),  i.e.  the  wax  used  by  the 

1  The  bibliography  of  beeswax  arranged  clironologically,  and  of  waxes  used  in  adulter- 
ating it,  will  be  found  Jouni.  Soc.  Chem.  hid.,  1892,  756. 

2  .lov/rn.  Soc.  of  Arts,  1903,  522. 
Cp.  Bull.  Imp.  Inst.,  1910,  25. 

■»  A.  C.  Miller,  United  States  patent  905,732.  ,  ,  r.  «•  j   lono  kr 

Chem.  1904.  212.  "  R^^s,  Filhrer  d.  d.  Fctttnd.,  1909,  56. 
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bees  for  sealing  up  the  cells,  consists,  according  to  GresJioff  and  SacJc,^ 
of  84  per  cent  of  an  aromatic  resin,  12  per  cent  of  wax,  and  4  per  cent  of 
alcohol-soluble  impurities.  A  more  recent  analysis  of  propolis  by 
Dieter  ich  ^  gave  the  following  results  : — 

.  Volatile  substances         ....      5-96  per  cent 

Alcohol-insoluble  substances      .         .         .  12-94  „ 

Resinous  substances        ....  64-61  „ 

Wax   16-05 

Volatile  oils  .....  Traces 

P.  Borisch  ^  gives  the  following  data  : — Resinous  matter  insoluble 
in  hot  Ught  petroleum  spirit,  but  soluble  in  96  per  cent  alcohol  43-6 
per  cent ;  "  Propolis  balsam,"  soluble  in  hot  light  petroleum  spirit 
and  70  per  cent  alcohol  8-7  per  cent ;  Beeswax  27-9  per  cent ;  Ethereal 
oil  and  Water  6-9  per  cent.  The  "  propohs  resin  "  is  described  as  being 
brownish  black,  soft,  and  melting  at  about  67°  C.  ;  after  exposure  for 
several  hours  to  a  temperature  of  101°  C.  it  assumes  on  cooling  the 
consistence  of  hard  Tolu  balsam.  The  "  propohs  balsam  "  is  described 
as  a  syrupy,  golden  yellow  fluid,  having  a  strongly  aromatic  odour. 

If  the  propohs  is  melted  with  the  beeswax  it  imparts  a  more  intense 
colour.  For  its  analysis  Kustenmacher  ^  recommends  to  boil  out  the 
sample  5  times  with  twice  its  weight  of  99-8  per  cent  alcohol  (by 
volume).  The  insoluble  portion  is  subsequently  extracted  with  chloro- 
form, and  the  final  residue  weighed.  The  alcoholic  solution  on  coohng 
yields  a  precipitate  which  is  washed  with  absolute  alcohol  and  finally 
with  96  per  cent  alcohol.  The  washings  and  filtrate  are  separated  into 
further  fractions  by  careful  dilution  of  water.  Dieterich  extracted  a 
propolis  with  low  boihng  petroleum  ether  and  separated  the  wax  and 
balsam  by  means  of  70  per  cent  alcohol.  This  author  states  that 
propohs  contains  vanilhn,  but  no  cinnamic  acid. 

In  order  to  increase  the  production  of  honey  it  has  become  the 
practice  to  place  artificial  combs  in  the  beehives.  These  combs  were 
originally  made  from  genuine  beeswax,  but  with  the  increased  demand 
for  beeswax,  artificial  combs  are  now  being  prepared  from  a  mixture 
of  beeswax  and  beeswax  substitutes.  At  first  ceresin  was  used  for 
this  purpose,  but  at  present  paraffin  wax  has  taken  its  place.  When 
such  combs,  after  the  removal  of  the  honey,  are  melted  down,  then 
naturally  the  resulting  wax  will  contain  paraffin  wax.  Such  a  product 
must,  of  course,  be  looked  upon  as  adulterated.  Latterly  stearic  acid 
is  being  used  in  place  of  (or  admixed  with)  paraffin  wax  (see  p.  912). 

The  expressed  wax  is  as  a  rule  of  a  yellow  or  yellowish  colour. 
Some  commercial  waxes,  mostly  of  non-European  origin,  have  a  greenish, 
reddish,  or  brown  colour,  even  black  if  the  melting  out  is  done  carelessly. 
Cuban  wax  in  particular  varies  fi-om  hght  yellow  to  black.    The  chief 

'  Rec.  Trwv.  Chim.  des  Pays-Bas,  1903,  139. 

'•^  Zeitschr.J.  anr/ew.  Ghem.,  1907,  1688. 

■'  I'harm.  Zentr'alhL,  1907  (48),  929. 

■*  BericlUe  d.  Bent.  Pharm.  Oes.,  1911,  xxi.,  05. 

VOL.  11  *  3  M 
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sources  of  origin  of  beeswax  are  given  in  the  tables,  pp.  909  to  914. 
Tlie  crude  beeswax,  like  aU  other  natural  products,  varies  not  only  with 
the  race  of  the  bee  and  the  kind  of  food  it  takes,  but  also  with  the  care 
exercised  in  preparing  the  wax.  Thus  the  wax  obtained  from  bees  who 
frequent  pine  forests  is  darker  than  that  obtained  fi'oni  bees  who  coUect 
the  pollen  fi'om  clover.  Light  coloured  wax  is  considered  of  higher 
value  than  dark  coloured,  inasmuch  as  the  former  is  bleached  more 
readily  than  the  latter.  This  must,  however,  not  be  taken  as  a  general 
rule,  a?  some  dark  waxes  of  foreign  origin  can  be  easily  bleached. 

The  crude  wax  is  subjected  in  wax  refining  works  to  a  process  of 
purification,  followed,  if  required,  by  a  process  of  bleaching. 

The  purification  consists  in  remelting  the  wax  in  pitch  pine  vessels 
over  boiUng  water  so  that  the  impurities  (dirt,  etc.)  may  settle  out. 
In  order  to  accelerate  the  settling  process,  and  with  a  view  to  obviating 
as  far  as  possible  the  troublesome  emulsion  which  forms  between  the 
aqueous  and  the  wax  layers,  dilute  sulphuric  acid  is  frequently  added 
to  the  water  over  which  the  wax  is  heated.  After  thorough  boiling  and 
agitating,  the  contents  of  the  vessels  are  allowed  to  rest,  when  clear  wax 
rises  to  the  top  and  is  sldmmed  off  to  be  poured  into  moulds.  YeUow 
wax  has  the  pleasant  odour  of  honey,  and  is  almost  tasteless.  At  low 
temper atm-es  it  is  brittle,  and  of  fine  granular  fi'actm-e.  The  observa- 
tion that  yellow  wax  becomes  white  by  repeated  melting  in  water  and 
by  exposure  to  sunlight  has  led  to  the  customary  process  of  "  air  bleach- 
ing "  or  "  sun  bleaching  "  yeUow  wax.  It  was  found  by  experience 
that  the  moisture  of  the  air,  the  intensity  of  the  light,  and  especially 
the  extent  of  the  surface  that  is  exposed  to  the  air,  play  a  very  import- 
ant part  in  the  process  of  bleaching.  In  order  to  expose  as  large  a 
sm-face  as  possible,  the  yellow  wax  is  usually  converted  into  ribbons,  or 
strips,  or  granules.^  The  wax  is  also  made  into  flakes  by  pouring  it  in 
its  melted  state  on  to  rollers  which  are  partly  immersed  in  water.  It 
has  also  been  found  by  experience  that  an  admixture  of  3-5  per  cent  of 
tallow  or  of  a  small  quantity  of  oil  of  tm'pentine  is  capable  of  accelerating 
the  process  of  air  bleaching.  It  would  appear  that  the  oil  of  turpentine 
acts  as  an  oxygen  carrier,  inasmuch  as  it  gives  rise  to  the  formation  of 
hydrogen  peroxide,  which  is  used  as  a  bleaching  agent  in  the  production 
of  white  wax  (see  below).  (At  the  same  time  the  oil  of  turpentine 
renders  the  beeswax  less  friable,  cp.  Vol.  III.  "  Wax  candles.") 

Owing  to  the  slowness  of  the  air-bleaching  process,  other  methods 
are  employed,  such  as  decolomising  by  treatment  with  animal  char, 
or  with  fuller's  earth  ;  ^  purely  chemical  processes  of  bleaching,  viz.  by 
means  of  hydrogen  peroxide,  ozone,  potassium  bichromate  and  sulphm-ic 
acid,  and  by  means  of  sodium  hypochlorite,  are  also  frequently  resorted 
to.  'with  the  improvements  in  the  commercial  preparation  of  ozone, 
it,  in  the  form  of  ozonised  air,^  has  been  used  for  bleaching  beeswax. 

1  Perhaps  au  apparatus  like  Laval's  emulsifier  may  prove  useful  in  comminutiug 

''^T'weingll-tnerrFreuoli  patent  365,555,  1906;  A.  Miiller-Jacobs,  United  States 
imtent  883,'661.    A.  Lob,  Chem.  Revue,  1908,  81. 
^  Ozonair  Ltd.,  English  patent  4579,  1906. 
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This  metliod  possesses  several  advantages  over  the  purely  cliemical  pro- 
cesses, inasmuch  as  the  bleached  wax  is  harder  and  the  danger  of 
charring  is  obviated.  A  large  plant  for  this  purpose  has  recently  been 
fitted  up  in  Kussia.  Whereas  air-bleached  wax  is  suitable  for  every  pur- 
pose for  which  wax  is  used,  chemically  bleached  waxes,  especially  those 
obtained  by  treatment  with  potassium  bichromate  and  sulphuric  acid, 
or  sodium  hypochlorite,  are  not  suitable  for  best  candles.  It  has 
therefore  become  a  practice  in  many  establishments  to  combine  the 
process  of  chemical  bleaching  with  air  bleaching,  by  first  treating  the 
wax  with  chemicals  and  then  "  finishing  it  ofi  "  by  exposure  to  light 
and  air.i  Chemically  bleaching  requires  as  much  circumspective 
attention  to  details  as  in  the  case  of  oils  and  fats.  If  not  carefuUy 
attended  to  dark  wax  results,  from  which  the  metallic  salts  cannot  be 
washed  out  readily.  Especially  dangerous  is  bleaching  with  free 
chlorine,  although  bleaching  with  sulphuric  acid  and  potassium  chlorate 
has  been  proposed. 

All  waxes  do  not  bleach  equally  well,  much  as  is  the  case  with  many 
individual  oils  and  fats  of  different  origin.  BeUadi  wax  is  the  easiest 
to  bleach ;  it  is  followed  in  this  respect  by  Tm'kish  wax,  Chilian  wax, 
and  Smyrna  wax.  Gambia  wax  is  not  bleached  satisfactorily  by  air, 
but  can  be  bleached  by  chemicals.  Brazilian  wax  has  not  hitherto  been 
bleached  successfully.  Italian  waxes  are  more  difficult  to  bleach. 
Whereas  bleached  Belladi  wax  is  white  with  a  blueish  tint,  other  waxes 
give  a  yellowish  tint,  or  are  of  a  greenish  or  greyish  hue.  The  art 
of  the  wax-bleacher  consists  in  selecting  and  blending  the  various 
natural  products  so  as  to  obtain  a  substance  of  desired  tint,  as  also 
of  the  desired  hardness  by  mixing  hard  and  soft  (such  as  Mogador) 
waxes. 

Best  bleached  white  wax  is  of  a  pure  white,  or  slightly  yellowish 
colour.  It  is  odourless  and  tasteless,  has  a  higher  specific  gravity  than 
yeUow  wax,  and  is  more  brittle  than  the  latter.  It  is  transparent  at 
the  edges  ;  its  fi-acture  is  smooth,  and  no  longer  granular. 

Beeswax  is  not  greasy  to  the  touch,  but  if  dropped  on  paper  in  the 
melted  state  it  causes  a  permanent  transparent  spot. 

Beeswax  found  in  the  grave  of  a  Viking  queen  at  Oseberg  in  Norway, 
probably  dating  from  a.d.  800,  showed  the  following  characteristics  (as 
recorded  by  Sebelien  2)  : — 


Specific  gravity  at  15°  C.    .         .         .  0-962 

Melting  point,  °  C   63 

Acid  value     .....  16-6 

Saponification  value  ....  95'34 

Ratio  number  ....  4-74 

Iodine  value  .....  66-02 


1  The  bleaching  of  wax  by  air  was  [iiactised  by  the  ancient  Greeks  and  Romans. 
P/my  describes  IJeached  wax  as  "cera  piiiiiua."  A  description  of  the  process  of  con- 
verting beeswax  into  rilibons  and  bleaching  by  exposure  to  air  and  light  is  given  by 
Dioxcoridcs. 

Zeitschr. /.  angew.  Qhe.m.,  1913,  689. 
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Beeswax  ^  consists  chiefly  of  a  mixture  of  crude  cerotic  acid  ^  and 
myricin  (melissyl  [myricyl]  palmitate).  It  also  contains,  in  small 
quantities,  free  melissic  acid,  CgoHgoOg  (or  Cgj^HggOa),  myricyl  alcohol 
{Schwalb),^  uncombined  ceryl  alcohol,  and  another  alcohol  of  unknown 
composition  (perhaps  psyllostearyl  alcohol  found  by  Sundwick  *  in 
bumble  bees'  wax).  Berg  found  upwards  of  0-6  per  cent  of  cholesterin 
esters.  SmaU  quantities  of  unsaturated  fatty  acids  have  also  been 
isolated.  Hydrocarbons  also  are  normal  constituents  of  beeswax. 
Schwalb  isolated  two  hydrocarbons  : — heptacosane,  0271153,  melting  at 
60-5°  C,  and  hentriacontane,  O^fi^^,  melting  at  67°  G. 

With  regard  to  the  proportion  of  hydrocarbons  in  beeswax  the 
earher  statement  made  by  Schwalb,  who  found  5-6  per  cent,  is  erroneous  ; 
for  A.  and  P.  Buisine  obtained  from  12-7  to  13-0  per  cent  of  hydro- 
carbons. These  belong  partly  to  the  ethylene  series.  Mangold 
confiimed  Buisine's  results.  Kebler  found  12-5-14-5  per  cent.  More 
recently  Hett  and  Ahrens  obtained  from  12-8  to  17-35  per  cent  of  hydro- 
carbons (cp.  p.  910).  The  Indian  beeswaxes  ("  Ghedda  waxes") 
contain  on  an  average  only  8-6  per  cent  of  hydrocarbons.  The  melting 
points  and  iodine  values  of  the  hydrocarbons  contained  in  pure  beeswax 
are  collated  in  the  following  table  : — 


Melting  Point 

Iodine  Value. 

Observer. 

"O. 

A.  and  P.  Buisine 

49-5 

22-05 

51-0 

22-5 

Mangold 

55-2 

20-1 

Ahrens  and  Hett 

Enghr  «  found  a  5  per  cent  chloroform  solution  of  yellow  beeswax 
to  rotate  the  plane  of  polarised  light  to  the  right  (10-15°  in  a  200  mm. 
tube  in  a  saccharimeter).  • 

Beeswax  is  almost  insoluble  in  cold  alcohol.  Boihng  alcohol  dis- 
solves the  bulk  of  the  cerotic  acid  and  a  small  quantity  of  myricin  , 
The  alcoholic  solution  reddens  blue  litmus  paper  faintly ;  a  solution 
of  phenolphthalein  made  just  pink  by  a  trace  of  alkaU  is,  however, 
instantly  decolourised.  On  cooling,  the  cerotic  acid  separates  out  so 
completely  (in  the  form  of  thin  needles)  that  the  alcohohc  solution  does 
not  become  turbid  on  adding  water,  a  sUght  opalescence  only  being 
noticeable. 

1  Brodie  Liebir/'s  Annul.,  67,  180  ;  71,  144.  Sclialfejelf,  BericlUe  1872  (9)  278  ; 
1688     SfegS  AnU:  224,  225  ;  Schwalb,  Mel,  235,  106.    Mane,  Journ. 

acids  (Marie).    The  n^eltin,  poiut 
of  th?rsoTated°and  recrystallised  "cerotic"  acid  is  given  by  various  observers  as 

Acc;rding  to  Gascard  {Journ.  Soc.  Clwn.  Ind.,  1893,  955)  the  myricyl  alcohol 
from  beeswax  is  identical  with  that  from  carnauba  wax  and  has  the  formula  C.„H„,0 
*  ZeZhr.  /.  phys.  Chem.,  1907,  53,  563.      '  Joum.  Soc.  Chem.  Ind.,  1891,  861. 
«  Chem.  Zeit.,  1906,  711. 


XIV 


BEESWAX 


901 


Pure  beeswax  is  soluble  in  chloroform.  The  best  solvent  for  beeswax 
is  carbon  tetrachloride. 

Warm  ether  dissolves  beeswax  readily ;  on  cooling,  however,  a  portion 
of  the  dissolved  wax  separates  out.  According  to  Rohineavd,^  only 
50  per  cent  of  beeswax  are  dissolved  by  ether  at  the  ordinary  tempera- 
ture. Experiments  made  by  Buchner^  showed  that  after  allowing 
beeswax  to  stand  with  ether  at  the  ordinary  temperature,  and  washing 
the  insoluble  portion,  a  deep  yellow  ethereal  solution  was  obtained, 
whereas  a  white  mass  remained  undissolved.  The  ether-soluble  portion 
represented  30  per  cent,  the  ether-insoluble  portion  70  per  cent  of  the 
original  wax.  The  following  table  indicates  the  difference  in  com- 
position of  the  soluble  and  the  insoluble  portions  : — 


Acid  Value. 
I. 

Saponification 
Value. 
II. 

Difference. 
II-I." 

Ratio  Nuraljer. 

Original  beeswax  . 

19-5 

96-2 

76-7 

3-93 

Ether-soluble  portion  . 

40 

83-8 

43-8 

1-90.5 

Ether-insoluble  portion 

11-7 

99-1 

87-5 

7-5 

From  these  numbers  the  conclusion  must  be  drawn  that  the  major 
portion  of  cerotic  acid,  colouring  matters,  and  hydrocarbons,  together 
with  the  minor  portion  of  the  wax  esters,  pass  into  the  ether.  The 
ether-insoluble  substance  contains,  therefore,  a  small  quantity  of  cerotic 
acid  and  the  main  portion  of  the  wax  esters.  Beeswax  dissolves  in 
hot  benzene,  but  at  20°  C.  a  considerable  portion  separates  out,  even 
from  a  1  per  cent  solution  of  beeswax  in  benzene. 

The  free  cerotic  acid  cannot  be  extracted  from  beeswax  by  treatment 
with  sodium  carbonate  or  caustic  alkali,  as  the  resulting  soap  solution 
forms  with  the  beeswax  esters  a  complete  emulsion  which  does  not 
separate,  even  after  many  months'  standing  (similarly  as  in  the  case  of 
wool  wax). 

On  distilling  beeswax  with  Ume  an  oil  passes  over  (beeswax  oil 
the  specific  gravity  of  which  varies  from  0-74  to  0-79.  On  subjecting 
beeswax  to  destructive  distillation  Greshoff  and  Sack  *  obtained  an  oily 
distillate  which  separated  into  a  solid  and  a  liquid  portion.  The  liquid 
portion  contained  a  hydrocarbon  of  the  composition  O^j^H^q.  The  solid 
portion  still  contained  undecomposed  wax,  and  gave,  after  saponifica- 
tion, a  solid  fatty  acid  of  the  melting  point  63°  C.  The  unsaponifiable 
matter  contained  a  hydrocarbon  having  the  composition  GiJizti 
melting  at  56°  C. 

Eclcecrantz  and  Lundstrom^  resolved  the  product  into  (1)  hydrocarbons 

'  Dinffl.  Polyl.  Journ.,  1862,  60. 
2  Chem.  ZeiL,  1907,  571. 

'  Ettling,  Liehig's  Annal.  (1832),  2,  225  ;  Poleck,  Liebig's  Annal.,  1848  (67),  174  : 
Brodio,  ihiiL,  1849  (71),  144  ;  Jonrn.  Snc.  Chem.  hid.,  1895,  1050. 
■*  Rec.  Trav.  Olii.m.  des  Pays-Bus,  1901,  75. 
«  Arch.  d.  Pharm.,  1910  (248),  500. 
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volatile  in  a  ciu'rent  of  steam  ;  these  appear  to  consist  of  hydrocarbons 
ranging  from  G^qHzq  *o  C!j^6-'S32  >  (2)  liquid  hydrocarbons,  no  longer 
volatilisable  in  a  ciu'rent  of  steam,  consisting  of  hydrocarbons  ranging 
fi'om  CjgHaa  to  G^.^}!^^ ;  and  (3)  a  sohd  saturated  hydrocarbon  of  the 
composition  CggHgQ  {NonoJcosane).  The  soUd  hydrocarbon  forms  the 
bulk  of  the  wax  oil. 


Beeswax  is  very  frequently  adulterated.  Water  and  mineral  matters 
(such  as  ochre,  gypsum,  etc.),  also  flour  and  starch,  are  easily  detected. 
Fraudulent  admixture  with  tallow,  Japan  wax,  stearic  acid,  paraffin  wax 
and  ceresin,  colophony  (rosin),  spermaceti,  carnauha  wax,  insect  wax,  and 
wool  wax  may  be  detected  by  the  methods  described  below. 

Previous  to  the  detailed  examination  by  physical  and  chemical  tests, 
the  sample  of  crude  beeswax  should  be  boiled  with  water  (to  remove 
honey)  and  filtered  in  a  water  oven.  Gross  adulterants,  such  as  mineral 
matters,  are  thus  easUy  detected  and  determined  quantitatively.  The 
determination  of  water  should  not  be  omitted. 

A  preliminary  test  for  the  detection  of  adulterants  consists  in 
dissolving  the  sample  in  chloroform  [Long'^).  Since  ceresin,  paraffin 
wax,  carnaiiba  wax,  and  wool  wax  are  not  completely  soluble  in  this 
menstruum,  considerable  quantities  of  the  latter  may  thus  be  detected 
qualitatively.  It  should,  however,  be  borne  in  mind,  that  bleached 
(white)  beeswax  is  not  readily  soluble  in  chloroform  {Dieterich 

As  a  preliminary  test  to  which  the  filtered  wax  may  be  submitted, 
refractometric  examination  has  been  recommended  by  Prosio,  Marj)- 
mann,  Werder,^  and  later  by  Berg^  Owing  to  the  high  melting  point 
of  the  wax,  the  refi-action  should  be  determined  at  75°-80°  C.  Since 
the  melting  point  of  most  beeswaxes  lies  above  65°  C,  the  numbers 
recorded  in  the  literature  on  this  subject  for  a  temperatm-e  of  62°  C. 
have  been  omitted  in  this  work,  as  being  open  to  serious  doubts.  The 
figures  given  in  the  table  have  been  determined  at  84°  C,  but  were 
reduced  by  calculation  to  40°  C.  {Berg).  (The  numbers  actuaUy 
observed  have  not  been  pubhshed. )  Considerable  quantities  of  carnaiiba 
wax,  colophony,  ceresin,  paraf&n  wax,  and  stearic  acid,  can  be  pre- 
liminarily detected  by  the  refractometric  method,  as  will  be  seen  from 
the  following  numbers  : — 

Butyro-refractometer. 
Scale  Divisions  at  84°  C, 
calculated  to  40°  C. 

Commercial  stearic  acid       .         .         •  29-8-33-3 

Japan  wax   47-6-49-7 

Camauba  wax  .         .         .         •         •  65-7-69 

Beeswax   42-9-45-6 

As  a  further  preliminary  test  the  specific  gravity  of  the  sample  should 
be  taken.  The  numbers  recorded  in  the  table  (p.  920)  will  afford  the 
necessary  guidance.    Of  course,  the  specific  gi-avityS  test  alone  does 

1  Chem.  Zeit.,  9,  1504.  ^  Ihkl.,  1898,  730  ;  ibid.,  1903,  808. 

3  Ibid.,  1898,  58.  ■*  I^id;  1903,  752.  ,  •  „„„ 

=  Mastbaun.  (Zeitschr.  f.  anal.  Chem.,  1902,  929)  recommends  a  special  contrivance 
for  the  detennination  of  the  specific  gravity. 
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not  give  a  final  answer  as  to  purity,  since  artificial  compounds  (see 
below)  can  easily  be  prepared  so  as  to  exhibit  the  specific  gravity  of 
a  genuine  beeswax. 

The  melting  point  of  the  sample  should  also  be  taken,  although  this 
test,  either  alone  or  in  conjunction  with  the  specific  gravity,  does  not 
aft'ord  decisive  information,  inasmuch  as  mixtures  having  the  specific 
gravity  as  also  the  melting  point  of  genuine  beeswax  can  be  readily 
prepared. 

The  French  codex  in  1908  specifies  the  following  test : — 1  grm. 
of  the  sample  is  boiled  for  30  minutes  with  35  c.c.  of  a  15  per  cent 
aqueous  solution  of  sodium  hydroxide,  the  water  lost  by  evaporation 
being  replaced.  The  liquid  is  then  cooled  and  strained  through  ab- 
sorbent cotton ;  on  the  addition  of  hydrochloric  acid  no  precipitate 
should  be  obtained.  This  test  is  said  to  indicate  admixtm-e  with  glycer- 
ides,  resins,  and  other  waxes.  Le  Naour'^  states,  however,  that  this 
method  is  defective. 

Stoeber  ^  recommends  the  determination  of  the  flash  point  (open  test) 
as  he  found  in  the  eleven  samples  of  pure  beeswax  values  lying  between 
242  and  250°  C,  whereas  most  adulterants  flash  below  200°  0.  with  the 
exception  of  carnaiiba  wax  which  flashes  at  316°  C.  A  mixtm-e  of  90 
parts  carnaiiba  wax  and  10  parts  ceresin  has  a  flash  point  hke  that  of 
beeswax.^ 

Most  important  clues  for  the  detection  of  adulteration  are  fm-nished 
by  the  determination  of  the  acid  value  and  of  the  saponification  value. 

The  determination  of  the  acid  value  is  carried  out  in  the  usual  manner 
(described  Vol.  I.  Chap.  VI.),  by  warming  3  to  4  grms.  of  the  sample 
with  20  c.c.  of  96  per  cent  alcohol  in  a  flask  until  the  wax  is  melted, 
distributing  the  wax  by  shaking,  and  titrating  with  standardised  (about 
half-normal)  alcohohc  potash,  phenolphthalein  being  the  indicator. 
Care  must  be  taken  that  the  wax  remains  in  a  melted  state  during  the 
operation.  If  the  solution  is  diluted  with  a  large  quantity  of  alcohol 
and  kept  hot,  the  acid  value  may  also  be  determined  with  half-normal 
aqueous  alkali. 

The  determination  of  the  saponifix;ation  value  should  be  carried  out 
with  a  separate  quantity  of  wax,  as  unless  strongest  alcohol  has  been 
used  in  the  determination  of  the  acid  value,  the  saponification  of  the 
wax  is  not  easily  completed.  It  has  been  pointed  out  already  that 
waxes  are  not  saponified  with  the  same  facility  as  are  oils  and  fats. 
The  difficulties  encountered  by  some  analysts  in  saponifying  beeswax 
have  led  to  a  number  of  proposed  modifications,  which  are  altogether 
unnecessary  if  the  saponification  be  carried  out  with  strongest  alcohol, 
not  containing  more  than  3  to  4  per  cent  of  water.  The  wax  should  be 
saponified  with  alcoholic  potash  prepared  with  alcohol  of  at  least  96  per 
cent  strength.  Even  then  the  saponification  cannot  be  considered  as 
complete  after  half  an  hour,  as  experiments  instituted  in  the  author's 

'  Ann.  Ohim.  aiiMi/L,  1909,  369. 

'•^  Cham.  Zeit..  1909,  146. 

"  Stookrer,  Chem.  Zeit.,  1909,  1275. 
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laboratory  showed  tliat  after  that  time  saponification  values  of  only 
60  were  obtained,  whereas  if  the  wax  was  boiled  with  alcohohc  potash 
over  free  fire  for  an  hour  complete  saponification  was  effected.-"-  It  is 
advisable  before  titrating  back  with  acid  to  add  30-40  per  cent  of 
alcohol.  Complete  saponification  is  still  more  readily  reached  by 
employing  sodium  alcoholate  (cp.  Vol.  I.  Chap.  II.). 

Henriques'  process  of  cold  saponification  does  not  offer  any  ad- 
vantage. The  employment  of  caustic  soda  causes  difficulties,  the  soda 
soaps  of  beeswax  fatty  acids  being  less  readily  soluble  than  the  potassium 
salts.  Indeed,  Henriques  later  on  modified  his  method  by  proposing  to 
use  petroleum  ether  of  a  boiling  point  of  not  less  than  120°  C,  and  to 
boil  the  solution  of  wax  in  such  petroleum  ether  with  alcohohc  caustic 
soda,  previous  to  allowing  to  stand.  The  necessity  of  operating  with  a 
boiUng  solution  entirely  disposes  of  the  possibility  of  saponifying  "  in 
the  cold."  It  may,  however,  be  added  that  correct  results  can  be 
obtained  by  first  boiling  and  then  allowing  to  stand. 

Buchner  ^  recommends  to  boil  in  an  Brlenmeyer  flask  attached  to 
a  Soxhlet  extractor,  so  that  concentration  of  the  alcohol  may  take 
place  intermittently. 

In  pure  beeswax  the  amount  of  free  fatty  acid  stands  in  a  definite 
proportion  to  the  amount  present  in  the  form  of  combined  esters.  This 
was  pointed  out  first  by  Hehner,^  and  independently  and  almost  simul- 
taneously by  Hiibl^  Hehner  calculated  the  amount  of  alkali  used  for 
determining' the  free  fatty  acids  to  "  cerotic  "  ^  acid,  on  the  assumption 
that  1  c.c.  of  normal  KOH  neutrahses  0-410  grms.  of  free  acid.  The 
alkaU  used  for  the  saponification  «  of  the  neutral  esters— 4.e.  the  differ- 
ence between  the  saponification  value  and  the  acid  value— was  calcu- 
lated by  him  to  "  myiicin,"  ^  on  the  assumption  that  1  c.c.  of  normal 
KOH  saponifies  0-676  grm.  of  myi'icin. 

In  the  following  table  a  number  of  Hehner' s  analyses  are  collated  :— 


1  It  is  nimecessary  to  boil  4-8  hours,  as  recommended  by  Berg.  In  order  to  carry 
out  tlie  saponification  at  a  higher  temperature  Eichhorn  (Zeiischr.f.  anal.  CJiem.,  1900,  A^, 
640)  employs  amyl  alcohol  as  a  solvent.  Of  course,  the  amyl  alcohol  must  be  pure,  t.e. 
must  not  contain  free  acid  nor  esters,  nor  basic  substances.    Cp.  also  Berg,  Cliem.  Zett., 

1909,  886.  ,  .     ,   ,  looq  iR 

Chem.  Zeit.,  1905,  332.  ^  Analyst,  1883,  16. 

"  THngl.  Polyt.  .Tourn.,  1883  (249),  338.  v      i,  .aAoA 

The  inverted  commas  do  not  occur  in  the  original  paper  ;  they  have  been  added 

here  by  the  author  in  order  to  avoid  confusion  with  the  chemical  individuals  cerotic  acid 

"""^fTBllkeviZeitschr./.  analyt.  Ohem.,  19,  241)  was  the  first  to  employ  saponification 
in  the  examination  of  beeswax. 
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Kind  of  Wux. 


"Cerotlo  Acid. ' 


"  Myricin." 


Total. 


Wax  from  Hertfordshire  . 


Surrey 

Lincolnshire  . 
Buckinghamshire 
Hertfordshire  . 
New  Forest 
Lincolnshire 
Buckinghamshire 
America  . 
Madagascar 
Mauritius 


Jamaica 


Sydney 


Mogadore 
Melbourne 


Per  cent, 


or  uciii'. 

14'35 
14-86 
13-22 

13-  56 

14-  64 

15-  02 

14-  92 

15-  49 
15-71 
15-16 
13-56 
13-04 

12-  17 

13-  72 

13-  49 

14-  30 
13-44 
13-92 
13-18 
13-06 
13-16 


Per  cent. 


88-55 

85-  95 

86-  02 

88-  16 

87-  10 

88-  83 

89-  87 
92-08 

89-  02 
88-09 
88-11 

88-  28 

95-  68 

96-  02 
85-12 
85-78 

89-  00 
89-24 

87-  47 
92-79 

88-  62 


Per  cent. 

102-  90 

100-  81 

99-  24 

101-  72 
101-74 

103-  85 

104-  79 
107-57 

104-  73 
103-25 
101-67 

101-  32 
107-85 
109-74 

98-61 

100-  08 

102-  44 

103-  16 

100-  65 

105-  85 

101-  78 


mU  expressed  the  results  of  tlie  examination  of  beeswax  by  simply- 
stating  the  acid  value  and  tlie  saponification  value  in  terms  of  mgrms. 
KOH  (cp.  Vol.  I.  Chap.  VT.).  The  acid  values  of  a  number  of  samples 
of  yeUow  wax  were  found  by  Hiibl  from  19  to  21,  mostly  20  ;  and  the 
saponification  values  from  92  to  97,  mostly  95.  Hiibl,  being  of  the 
opinion  that  as  a  rule  the  higher  and  lower  values  occur  simultaneously, 
assumed  that  the  amount  of  free  fatty  acids  stood  in  a  definite— almost 
constan1>— ratio  to  the  amount  of  esters.  He  therefore  brought  the 
amount  of  alkah  required  for  neutraUsing  the  free  acid— i.e.  the  acid 
value— into  numerical  relation  to  the  amount  of  alkah  required  to 
saponify  the  neutral  esters.  The  difference  between  the  saponification 
and  the  acid  value  was  termed  by  him  "  ether  value."  (For  reasons 
stated  Vol.  I.  Chap.  VI.,  the  term  "  ether  value  "  or  "  ester  value  "  has 
been  abandoned  in  this  work.)  This  ratio  is  20  :  75  =  3-75  (75  being 
the  difference  between  the  saponification  value,  95,  and  the  acid  value, 
20).  Hiibl  found  in  a  number  of  beeswaxes  that  this  "  ratio  number  ' 
varied  between  3-6  and  3-8,  and  he  therefore  assumed  that  a  beeswax, 
the  "  ratio  number  "  of  which  deviates  much  from  3-7,  must  be  looked 
upon  as  adulterated. 

From  Hehner's  numbers  given  above  the  "  ratio  number  "  3-9  can 
be  calculated;  this  is  in  satisfactory  agreement  with  HiihVs  ratio 
number  3-75.  . 

Hehner's  mode  of  expressing  the  results  in  terms  of  "  cerotic  acid 
and  "  myricin  "  is  not  adopted  in  this  work,  and  should  be  abandoned 
as  resting  on  assumptions,  the  correctness  of  which  cannot  be  admitted 
at  present.  It  may  be  conceded  that  the  mean  molecular  weight  of 
410  for  "  cerotic  "  acid  of  beeswax  (theory  396  for  cerotic  acid)  is  quite 
admissible,  for  the  author  actually  found  in  several  experiments  the 
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molecular  weights  of  the  isolated  acids  to  be  from  405-6  to  419.  But 
the  calculation  of  the  alkali  used  for  saponification  of  the  neutral  esters 
to  myi-icin  is  not  permissible  since  the  proportions  of  hydrocarbons  in 
"  normal  "  beeswaxes  have  been  shown  to  reach  as  high  a  percentage  as 
13  to  17  per  cent.  Hence  the  numbers  calculated  for  "  myi-icin  " 
include,  besides  true  myiicin,  varying  amounts  of  hydrocarbons,  so 
that  the  average  number  "  88  "  given  for  "  myricin  "  would  represent 
only  about  73  to  75  per  cent  of  true  myricin  and  15  to  13  per  cent  of 
hydrocarbons,  provided  no  free  alcohols  (see  above,  p.  900)  were 
present.  It  need  hardly  be  pointed  out  that  the  definite  iodine  value 
of  beeswax  entirely  precludes  the  assumption  that  myricin  alone,  or 
even  a  mixture  of  myricin  and  free  myricyl  and  ceryl-alcohols  alone, 
occurs  in  the  neutral  portion  of  beeswax. 

Hiibl's  numbers,  on  the  contrary,  merely  express  analytical  data, 
such  as  are  found  by  direct  experiment.  HubVs  "  ratio  number " 
introduces  no  further  assumption,  since  it  is  derived  from  the  data 
obtained  by  two  titrations. 

Ryan}  independently  of  Hehner,  proposes  a  method  based  on  the 
assumption  that  the  molecular  weight  of  cerotic  acid  is  higher  than 
that  of  any  other  free  acid  that  may  occur  in  mixtm'es.  The  method  is 
as  follows  : — 4  grms.  of  the  wax  are  heated  with  60  c.c.  of  neutral 
absolute  alcohol  and  titrated  with  half  normal  alcohoUc  potash.  The 
alcohohc  mixtm-e  is  mixed  with  40  grms.  of  dry  sand,  and  evaporated 
to  dryness.  The  residue  is  extracted  with  petroleum  ether  and  the 
extract  dried  and  weighed.  The  difference  between  100  and  this  weight 
gives  the  percentage  of  fi-ee  acids,  and  from  these  figm'es  their  acid  value 
can  be  calculated.  Assuming  that  the  acids  other  than  cerotic  are 
palmitic  and  stearic,  the  amount  of  cerotic  acid  can  be  calculated,  and 
fi'om  that  figm-e  the  amount  of  beeswax  in  the  mixture  can  be  approxi- 
mately estimated.  The  method  breaks  down,  however,  as  Ryan  himself 
points  out,  if  montan  wax  containing  montanic  acid  is  present. 

In  order  to  emphasise  the  importance  of  the  "  ratio  number  "  for 
the  detection  of  adulteration,  I  coUate  in  the  following  table  the  "  ratio 
numbers  "  of  some  substances  that  are  hkely  to  be  used  in  the  adultera- 
tion of  beeswax.  It  should  be  observed  that  the  acid  values  are  arbi- 
trarily assumed  mean  values. 

1  Proc.  Royal  DnUin  Soc,  1909,  210. 
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Substance. 


Carnauba  wax 
Japan  wax 
Insect  wax 
Spermaceti  . 
Myrtle  wax  . 
Tallow  . 

Stearic  acid,  pure  . 

, ,  , ,  commercial 
Rosin,  Austrian 

,,    American  . 
Galipot . 

Paraffin  wax,  ceresin ' 


Acid  Value. 


2 
20 

3 

Traces 
3 
4 
195 
200 
130-146 
154'1-164- 
138 
0 


Saponification 
Value. 


80 
227 
80-4 
130 
208 
195 
195 
200 
146  •8-167-1 
183-6-194 
174-6 
0 


Difl'erence, 
2-1. 


78 
207 
77-4 
130 
205 
191 

0 

0 

16-4-21-1 
29-5-30-0 
36-1 
0 


Ratio  of  1  : 3. 
'  Katio  number. 


39 
10-8 
29-1 

68-3 
48 


0-126-0-144 
0-191-0-182 
0-261 


Buchner  and  Fischer  ^  state  that  Ghedda  -wax  may  be  differentiated 
from  the  wax  of  Afis  mellifica,  not  only  by  the  low  proportion  of  free 
acids  and  correspondingly  high  amount  of  esters  (ratio  number),  but 
also  by  the  fact  that  Ghedda  wax  contains  only  one  alcohol,  namely, 
ceryl  alcohol  in  contradistinction  to  the  ordinary  beeswax  in  which  the 
alcohoHc  constituents  consist  chiefly  of  myricyl  alcohol  -with  a  little 
ceryl  alcohol. 

This  is  confirmed  by  Buchner  and  Deckert,  who  determined  the 
acetyl  value  by  the  mixed  alcohols  and  hydrocarbons.  These  authors 
state  that  the  acetyl  value  of  the  unsaponifiable  matter  from  ordinary 
beeswax  is  fairly  constant  at  about  122.  The  acetyl  value  of  pure 
ceryl  alcohol  is  132-3,  and  that  of  myricyl  alcohol  116-9  (cp.  Vol.  I., 
p.  431). 

Fischer  ^  further  states  that  the  analytical  limits  for  Ghedda  wax 
must  be  allowed  greater  latitude  than  for  the  wax  of  Apis  mellifica. 

According  to  Emmanuel^  the  ratio  numbers  of  beeswaxes  from 
Greece  are  slightly  higher  than  the  normal. 

Like  the  East  Indian  waxes,  the  beeswaxes  from  China  and  Japan 
show  a  low  acid  value  and  a  correspondingly  high  ratio  number.  These 
Japanese  and  Chinese  waxes  are  of  better  quality,  showing  evidence  of 
more  care  being  used  in  their  preparation  than  is  the  case  with  Indian 
waxes.    They  are  also  more  readily  bleached  by  sunlight. 

According  to  Fischer^  the  waxes  from  China  and  Japan  frequently 
contain  paraffin  wax.  According  to  the  same  author  the  persistent 
emulsions  obtained  in  the  treatment  of  Indian  beeswax  is  due  to  the 
borax  which  has  been  used  in  their  purification.  These  waxes  are 
sometimes  adulterated  with  "  rosin  wax,"  i.e.  a  mixtm-e  of  colophony 
and  paraffin  wax.    For  the  detection  of  these  adulterants,  see  below, 

'  Commercial  pnralHus  or  ccresiiis,  however,  may  have  a  definite  acid  value. 

■■^  ZnUHchr.  f.  oJfeiiU.  Chem.,  1913,  147. 

•'  Ibid.,  1913,  354. 

■'  Berichie  d.  /)ent.  Pharm.  Oe.i.,  1913,  vi. 

"  Zntschr.f.  OffenU.  Chem.,  1913,  473. 
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pp.  923,  924.  East  Indian  wax  invariably  contains  some  proportion 
of  the  wax  from  the  Indian  Dammar  bee,  Trigona  laeviceps,  cp.  p.  916. 

The  acid  and  saponification  values,  the  means  of  which  have  been 
given  akeady,  as  also  the  "ratio  numbers,"  are  fairly  constant  for 
genuine  beeswaxes  collected  from  all  parts  of  the  world  with  the  excep- 
tion of  those  from  India  and  China  (Annam).  This  will  be  gathered 
from  the  following  table,  in  which  I  have  collated  a  large  number  of 
observations,  which  may  be  taken  as  representative  of  the  beeswaxes 
obtainable  from  the  locaHties  named  : — 
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Most  of  the  "  ratio  numbers  "  given  in  the  last  table  lie  in  the 
neighbourhood  of  3-8.  From  these  "  ratio  numbers  "  the  following 
conclusions  may  be  drawn  :  If  the  saponification  value  of  a  sample  of 
beeswax  be  below  92,  whilst  the  "  ratio  number  "  is  that  of  a  pm'e 
beeswax,  then  paraffin  wax  or  ceresin  must  be  present.  If  the  ratio 
number  exceeds  3-8,  then  an  admixtm-e  with  Japan  wax,  tallow,  insect 
wax,  carnaiiba  wax,  or  spermaceti  may  be  suspected.  If  the  acid  value 
be  much  below  20,  then  Japan  wax  is  absent.  If,  however,  the  "  ratio 
number  "  is  less  than  3-8,  then  "  stearic  "  acid  or  rosin  is  present. 
From  the  foregoing  table  it  wiU,  however,  be  gathered  that  the  "  ratio 
number  "  is  not  so  constant  as  has  been  assumed  by  Hubl.  This  is 
especially  shown  by  the  analyses  of  some  genuine  European  waxes 
which  I  collate  in  the  following  table  : — 


1 

2 

8 

4 

Origin  of  Beeswax. 

Acid  Value. 

Saponifica- 
tion Value. 

Difference. 
2-1. 

"  Ratio 
Number." 

Observer. 

Hungary  . 

23 

90-6 

67-6 

2-89 

Mangold 

Silesia 

17-8 

92-3 

74-5 

4-2 

Weinwurm 

It  must  fm-ther  be  borne  in  mind  that  at  present  artificial  combs 
containing  stearic  acid  are  being  employed  in  bee-hives.  Henco,  the 
acid  value  of  beeswax  may  be  found  higher.  Beeswaxes  obtained  from 
such  artificial  honeycombs  gave  acid  values  ranging  from  25  to  26 
(Weinwurm). 

All  the  foregoing  numbers  refer  to  yellow  wax.  Through  bleaching, 
the  yellow  wax  undergoes  some  changes  which  cause  great  deviations 
from  the  normal  acid  and  saponification  values.  This  is  illustrated 
by  the  numbers  I  have  collated  in  the  following  table.  They  show  the 
changes  which  occur  in  the  physical  and  chemical  characteristics  of 
yellow  wax  on  being  bleached  by  various  methods.  (Cp.  also  table, 
p.  920.) 
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"  Katio  numbers  "  differing  enormously  from  those  given  above 
are  found  in  Indian  and  Chinese  (Annamite)  waxes. 

A  number  of  analyses  of  such  beeswaxes  are  collated  in  the  following 
table : — 
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Gliedda  wax  difiers  from  ordinary  beeswax  by  a  characteristic 
toughness  and  plasticity  as  also  by  a  lower  solidifying  point  which 
lies  between  59-58-5°. 

Ghedda  wax  differs  also  chemically  from  beeswax  in  that  it  only 
contains  one  alcohol,  viz.  ceryl  alcohol,  which  occui's  in  the  form  of  an 
ester,  whereas  the  ordinary  beeswax  contains  chiefly  myricyl  alcohol 
and  very  little  ceryl  alcohol.  The  Ghedda  wax  appears  also  to  differ 
from  ordinary  beeswax  by  containing  other  fatty  acids,  as  will  be  shown 
by  Lip-p  and  Kuhn  in  a  futm-e  publication. 

The  hydrocarbons  in  Ghedda  wax  melt  between  62°-70°  C.  Lipp 
and  Kuhn  ^  isolated  a  hydrocarbon  melting  at  70°  0.  probably  having 
the  composition  CggHg^.  A  second  hydrocarbon  was  isolated  melting 
at  63-5°  C,  and  a  third  melting  at  58-0°  0.,  having  probably  the  com- 
position CggHg^. 

Ghedda  wax  responds  readily  to  the  ordinary  bleaching  agents. 
This  wax  has  a  lower  acid  value  and  a  correspondingly  higher  ratio 
number  than  ordinary  beeswax  (cp.  Buchner  and  Fischer).^ 

Lipp  and  Kiihn  found  acid  values  varying  from  5  to  7-5,  and  ester 
values  from  86-92  in  a  number  of  samples. 

These  beeswaxes  were  considered  as  "  abnormal "  since  no  adulter- 
ants could  be  detected  by  the  usual  tests.    It  can,  however,  not  be 
doubted  that  the  waxes  from  Apis  florea,  A.  dorsata,  and  A.  indica, 
enumerated  in  the  last  table,  are  genuine  products  of  the  bee.  The 
so-called  black  wax  of  Burma,^  termed  locally  "  Pwl-nyet,"  is  a  product 
of  a  stingless  bee  Trigona  laeviceps,  Smith  {Melipona  laeviceps,  DaU), 
the  Indian  Dammar  bee.    Owing  to  either  the  inabiUty  of  the  bee  to 
excrete  ordinary  beeswax,  or  to  the  quantity  of  the  wax  excreted 
being  insufficient  for  the  building  of  a  proper  hive,  or  because  the 
quaUty  of  the  wax  excreted  is  such  that  a  hive  cannot  be  built  from  it, 
the  "  Pwe-nyet  "  seems  to  be  a  mixtm'e  of  such  beeswax  as  the  Trigona 
species  excrete,  with  dammar  resins.    In  fact  the  term  Pwe-nyet  is 
applied  to  both  the  bees'  secretion  and  to  dammar  resins  obtained  from 
the  several  species  of  Dipterocarpus,  Shorea,  Hopea,  Valeria,  and 
Canarium.    The  exterior  portions  of  the  nest  consist  of  a  resinous 
material  the  composition  of  which  agi'ees  in  many  respects  with  the  dry 
resin  of  Dipterocarpus  tuhercidatus.    The  beeswax  from  Apis  dorsata, 
described  last  in  the  foregoing  table,  is  of  undoubted  genuineness ;  it 
was  forwarded  to  the  author  by  D.  Hooper  from  Calcutta  as  wax 
separated  from  the  comb  of  the  Apis  dorsata  from  Saharanpur,  United 
Provinces.    Some  of  those  waxes  (sold  as  Chinese)  seem  to  be  mixtm'es 
of  genuine  beeswax  with  (Chinese)  insect  wax.    At  least,  in  the  case  of 
a  sample  of  Chinese  beeswax  submitted  to  me  for  examination  I  was 
able  to  prove  that  adulteration  with  (Chinese)  insect  wax  had  taken 
place.    The  numbers  obtained  in  the  course  of  the  usual  examination 
are  given  in  the  following  table  : — 


1  Jmvm.  f.  prakt.  Chem.,  1912  (86),  184. 

2  Xeitschr./.  iiffentl.  Chem.,  1913,  147. 
"  D.  Hooper,  Affric.  Ledger,  1909,  31. 
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Speoillc  Gravity 
at  15°. 

Acid  Value. 

Sapoiiilication 
Value. 

"  Ratio 
Number." 

Iodine 
Value. 

0-9392 

9-01 

87-62 

8-73 

n-53 

At  100". 

0-8555 

Buchner^  found  two  samples  from  Spain  and  Italy  to  have  ratio 
numbers  from  2-9  to  3-1,  and  suggests  that  they  may  both  have  come  in 
the  first  place  from  Africa. 

Normal  acid  and  saponification  values  alone  do  not  furnish  sufficient 
proof  of  the  pm-ity  of  a  beesvrax,  as  it  is  easy  to  prepare  mixtures  having 
a  normal  "  ratio  number  "  and  yet  containing  no  beesvrax  whatever. 
This  will  be  gathered  from  the  following  table,  which  gives  the  acid  and 
saponification  values  for  a  mixture  consisting  of  37-5  parts  of  Japan 
wax,  6-5  parts  of  stearic  acid,  and  56  parts  of  ceresin  or  paraffin  wax. 


1 

2 

3 

4 

5 

6 

7 

s 

9 

Sapoul- 
fl  cation 
Value. 

Differ- 
ence, 
2-1. 

"Ratio 
Num- 
ber." 

Conditioning. 

Acid 
Value. 

Parts  in 
100. 

Acid 
Value. 

Saponi- 
fication 
Value, 

Differ- 
ence, 
7-G. 

"Ratio 
Num- 
ber." 

Japan  wax 

20 

220 

200 

10 

37-5 

7-5 

84-5 

75 

10 

"Stearic"  acid 

195 

195 

0 

6-5 

12-7 

12-7 

0 

Ceresin,  paraffin  wax 

0 

0 

.0 

56-0 

0 

0 

0 

i\Iixture  . 

20-2 

95-2 

75 

3-71 

The  ratio  number  of  this  mixture  would  be  3-71.  It  is  evident  that 
indefinite  quantities  of  the  above  mixtm'e,  or  of  a  similarly  prepared 
one,  might  be  added  to  beeswax  without  being  detected  by  merely 
ascertaining  the  acid  and  saponification  values.^ 

The  determination  of  the  iodine  value  is  of  somewhat  secondary 
importance  in  the  examination  of  beeswax  ;  still,  it  will  assist  in  the 

'  Zeilschr.  f.  Sffenll.  Ohem.,  1912,  90. 
As  a  rnl(!  sucli  mixtures — known  under  the  name  "  Compcsition  waxes" — arc 
coloured  by  the  addition  of  colonring  matter.    P.  Lemaire,  Bull.  Sac.  Pharm.  de 
Bordeau.v,  June  1904,  suggests  several  iiiethod.s  lor  the  detection  of  colouring  matters. 
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interpretation  of  tlie  results  obtained  by  other  metliods,  and  in  tlie 
detection  of  certain  impurities,^ 

In  doubtful  cases  further  examination  is  required,  and  the  following 
tests  are  recommended  : — 

Detection  and  Determination  of  Glycerides.^ — ^Although  in  most  cases 
the  presence  of  glycerides  wiU  be  detected  by  a  higher  saponification 
value  than  the  normal  one,  still,  smaU  quantities  may  be  introduced  by 
means  of  a  judiciously  prepared  mixture  of  glycerides,  stearic  acid,  and 
parafl&n  wax  or  ceresin.  The  absence  of  glycerides  can  only  then  be 
pronounced  upon  with  certainty  if  no  glycerol  is  found.  The  safest 
plan  is  to  determine  the  amount  of  glycerol  quantitatively  by  working 
with  at  least  20  grms.  of  the  suspected  wax.  The  quahtative  test  for 
glycerol  is  too  dehcate,  since  small  quantities,  such  as  2  to  3  per  cent 
of  a  glyceride,  which  may  have  been  admixed  with  a  yellow  wax  before 
bleaching  (as  is  usually  done  on  a  manufactming  scale),  may  give  a 
positive  reaction  in  the  acrolein  test,  and  thus  lead  to  erroneous  con- 
clusions. The  acrolein  test  must  therefore  be  confirmed  by  quantitative 
tests.  The  amount  of  glycerol  multiplied  by  10  gives  approximately 
the  percentage  of  added  glyceride. 

Buchner  states  that  traces  of  glycerides  can  be  detected  in  pure 
beeswaxes. 

Detection  ofSiea/ric  Acid. — A  considerable  quantity  of  "  stearic  acid  " 
is  readily  detected  by  a  high  acid  value  of  the  sample,  provided  no 
compensating  substances  like  ceresin  and  parafiin  wax  have  been 
added.  It  should  be  borne  in  mind  that  colophony  also  raises  the 
acid  value  (for  the  detection  of  rosin,  see  below).  If  in  consequence 
of  added  paraffin  wax  or  ceresin  a  normal  acid  value  has  been  found, 
and  yet  stearic  acid  be  suspected,  then  one  of  the  following  methods 
must  be  resorted  to.  They  are  based  on  the  principle  that  on  treating 
a  sample  with  boiling  alcohol  any  stearic  acid  present  will  be  dissolved 
together  with  cerotic  acid,  but  will  not  separate  out  so  completely  as 
the  latter  does  on  cooUng.  The  following  process  has  been  suggested 
by  Fehling,^  and  recommended  by  Rottger  *  :  1  grm.  of  the  sample  is 
boiled  for  a  few  minutes  with  10  c.c.  of  80  per  cent  alcohol ;  after 
cooling,  the  alcohohc  solution  is  filtered  and  the  filtrate  mixed  with 
water.  In  the  case  of  a  pure  beeswax  the  liquid  is  perfectly  clear,  or  is 
only  slightly  opalescent,  but  in  case  of  adulteration  with  stearic  acid, 
the  liquid  loses  its  transparency,  and  flocks  of  separated  stearic  acid 
rise  to  the  top.  This  reaction  is  plainly  perceptible  even  if  the  added 
stearic  acid  be  as  Httle  as  1  per  cent.  It  should  be  borne  in  mind  that 
rosin  also,  if  present,  wiU  be  dissolved,  and  give  an  emulsion  with  water. 

1  Accordiug  to  D.  Hooper  (Agriculhiral  Ledger,  1904,  No.  7),  in  one  district  of  the 
Punjal)  the  strained  wax  is  intermixed  with  one-eighth  of  its  weight  of  sesamd  oU  betore 
it  is  made  into  lumps  for  the  market.  .  ... 

2  Thinard  proposed  to  detect  glycerides  in  beeswax  by  isolating  sebacic  aeul  lion 
the  products  of  dry  distillation  (cp.  Liebig's  Annal.,  1840  (35),  194).  For  a  method 
depending  on  the  colouration  with  copper  sulphate  cp.  Wagenaar,  Pharm.  Weemaci, 

lyi^gl.  Polyt.  Joimi.,  147,  227.  Jouiti.  Soc.  Ohem.  Ltd.,  1890,  771. 
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Jean'^  endeavoiu'S  to  determine  stearic  acid  quantitatively  by 
heating  3  to  4  grms.  of  the  sample  with  60  c.c.  of  96  per  cent  alcohol 
to  boiUng,  allowing  the  solution  to  cool,  and  titrating  with  half-normal 
alkali,  using  phenolphthalein  as  an  indicator.  The  alkali  used  is 
calculated  to  stearic  acid. 

In  the  presence  of  rosin  the  determination  would  include  the  amount 
of  alkah  required  to  neutralise  the  rosin  acids. 

A  combination  of  these  two  tests  has  been  more  fully  worked  out  by 
Buchner.^  He  proceeds  in  the  following  manner  :  5  grms.  of  the 
sample  are  placed  in  a  round-bottomed  flask  and  100  c.c.  of  80  per  cent 
alcohol  (prepared  fi'om  850  c.c.  of  96  per  cent  alcohol  and  190  c.c.  of 
water)  are  added.  The  total  weight  of  the  flask  and  contents  is  then 
ascertained.  Next  the  contents  of  the  flask  are  heated  until  the  mass 
boils  gently  and  are  kept  at  this  temperature  for  5  minutes,  with 
frequent  shaking.  The  flask  is  then  immersed  in  cold  water  whilst 
being  constantly  shaken  and  allowed  to  cool  down  to  the  ordinary 
temperature.  The  flask  is  weighed  again  and  brought  up  to  the  original 
weight  by  the  addition  of  80  per  cent  alcohol.  The  liquid  is  then  filtered 
through  a  plaited  filter,  and  50  c.c.  of  the  filtrate  are  titrated  with  ^ 
normal  alcoholic  potash,  phenolphthalein  being  used  as  an  indicator. 
By  proceeding  in  this  manner  Buchner  obtained  the  following  acid 
values  : — 

c.c.  -[B  norm. 
KOH.  required 
for  acids  soluble 
in  80  per  cent 
alcohol.    50  c.c. 
of  alcohol  from 
5  grms.  of  sub- 
stance. 


Pure  beeswax,  yellow      ......  3-6-3-9 

white       ......  3-7-4-1 

Palm  wax  ........  1*7-1'8 

Camaiiba  wax       .......  0'76-0-87 

Japan  tallow  (Japan  wax)         .....  14-93-15-3 

Rosin   150-3 

Stearic  acid  65'8 

Tallow  "  stearine "          .         .         .         .         .         .  I'l 

"  Artificial  waxes,"  having  the  "  ratio  numbers  "  of  normal 
beeswax — 

I.  Consisting  of  stearic  acid,  tallow  stearine,  and  ceresin  21-40 

II.  Consisting  of  stearic  acid,  Japan  tallow,  and  ceresin  .  17-80 

in.  Consisting  of  rosin,  tallow  stearine,  and  ceresin        .  22-0 

Pure  beeswax,  mixed  with  25  per  cent  "  Artificial  wax  "  I.  8-4 


'  Jonrn.  Snc.  Chcm.  Ind.,  1891,  728. 
2  Ckcm.  Zeit.,  1895,  1422. 

^  It  nniHt  b(!  pointed  out  tliat  this  can  only  refer  to  commercial  "  stearic  "  acid,  as  the 
pure  acid  exliibits  much  smaller  values. 
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Berg  i  who  examined  a  very  large  number  of  waxes  by  Buchner's 
method  (see  table,  p.  909),  points  out  that  the  alcoholic  solution  made 
up  as  described  above  must  be  allowed  to  stand  12  hours,  as  otherwise 
the  results  are  discordant,  and  generally  too  high.  Unless  a  sample  be 
allowed  to  stand  12  hours,  the  acids,  dissolved  by  the  80  per  cent  alcohol 
are  found  too  high  by  20  to  30  per  cent.  It  should  be  fm-ther  pointed 
out  that  the  detection  of  stearic  acid  in  bleached  waxes,  if  present  only 
to  the  extent  of  1  to  3  per  cent,  is  very  difficult,  as  chemicaUy  bleached 
waxes  may  retain  small  amounts  of  acid  substances 

The  author  obtained  for  genuine  yellow  beeswax  smaller  numbers 
than  did  Buchner.  Thus  a  Gambia  beeswax  required  for  neutrahsation 
of  the  fi-ee  acids  extracted  as  described  above  2-39  c.c.  of  decmormal 
alkah  ;  the  isolated  acid  had  the  mean  molecular  weight  406,  whereas 
the  same  Gambia  wax  adulterated  with  varying  quantities  of  "  stearic 
acid  "  required  of  course  much  higher  amounts  of  decmormal  alkah, 
whilst  the  mean  molecular  weights  of  the  isolated  fatty  acids  varied 
from  274-8  to  298-8.  In  the  latter  case  appreciable  amounts  of  beeswax 
cerotic  acid  had  passed  into  the  alcohoHc  solution. 

In  doubtful  cases  it  appears  advisable  to  use  larger  quantities,  then 
to  separate  the  stearic  acid  as  such,^  and  to  examine  it  further.  It 
need  hardly  be  pointed  out  that  commercial  stearic  acid,  such  as  would 
be  used  for  adulteration,  is  not  pure  stearic  acid  (cp.  Vol.  III.  Chap. 
XVI.). 

Buchner  *  states  that  on  treating  3-6  grms.  of  beeswax  after  saponi- 
fying and  evaporating  ofi  the  alcohol  with  250  c.c.  of  boihng  water, 
some  beeswaxes  yield  clear  solutions,  whereas  others  (East  African, 
East  Indian  (Ghedda))  yield  turbid  solutions  or  amorphous  precipitates. 
"Waxes  containing  paraffin  wax  also  yield  turbid  solutions,  hence  it  is 
necessary  to  identify  the  separated  substance.  This  appears  to  be 
tantamount  to  examining  the  unsaponifiable  matter. 

Detection  of  Ceresin  and  Paraffin  Faa;.— The  examination  of  beeswax 
by  the  saponification  process  can  only  reveal  the  presence  of  more  than 
10  or  8  per  cent  of  ceresin  and  (or)  paraffin  wax,  if  no  other  adulterant 
be  present.  If  the  admixture  falls  below  5  or  even  below  8  per  cent, 
the  deviations  from  the  normal  acid  and  saponification  values  become 
so  small  that  by  these  two  tests  alone  adulteration  cannot  be  revealed. 
An  excellent  preUminary  test  for  the  detection  of  added  ceresin  and 
paraffin  wax  down  to  3  per  cent  has  been  proposed  as  a  qualitative  test 
by  Weinwurm.^  This  quaUtative  method  is  based  on  the  fact  that  a  hot 
aqueous  glycerin  solution  dissolves  the  unsaponifiable  matter  of  beeswax, 
whereas  ceresin  and  paraffin  wax  are  insoluble  in  it.  The  process  is 
carried  out  as  follows  :— Saponify  5  grms.  of  the  sample  with  25  c.c. 
half-normal  alcoholic  potash  (in  a  200  c.c.  flask),  evaporate  ofi  the 

1  Chew.  ZeM.,  1903,  754.  ,  ^, 

Thua  MedicuH  and  Wallenstciii  {Zeils.  f.  Uniers.  d.  NahrijH-  u.  Wcww.sm,,  Jyuz, 
]0n-2)  showed  that  tlio  acid  value  of  a  beeswax  bleached  with  bichronuite  and  sulphuric 
acid  was  as  high  as  24-7  (cp.  also  table,  p.  913). 

•''  Cp.  Berg,  Chem.  Zcit.,  1908,  779. 

■»  Zeiinchr.f.  OffenU.  Clicm.,  1911,  225. 

'-  Chan.  Zeil.,'U97,  519. 
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alcohol  completely,  add  20  c.c.  of  concentrated  glycerin,  heat  on  the 
water-bath  until  solution  is  effected,  and  then  run  in  100  c.c.  of  boiUng 
water.  Pure  beeswax  gives  a  more  or  less  clear,  transparent,  or  trans- 
lucent mass,  through  which  ordinary  print  can  be  read  easily.  If  5  per 
cent  of  hydrocarbons  are  admixed,  the  solution  is  cloudy,  and  the  print 
is  no  longer  legible  ;  in  the  case  of  an  admixtm-e  of  8  per  cent  of  hydro- 
carbons a  precipitate  is  obtained. 

I  have  examined  this  process  in  my  laboratory,  and  can  recommend 
it  as  a  rehable  prehminary  test  for  pure  beeswax.  Tm-bidity  of  the 
solution  does  not,  however,  solely  indicate  the  presence  of  added  ceresin 
or  paraffin  wax,  since  carnaiiba  wax  and  insect  wax  also  give  a  turbid 
solution.  Mixtures  prepared  from  pm-e  beeswax  and  carnaiiba  wax, 
as  also  mixtures  from  pm'e  beeswax  and  (Chinese)  insect  wax,  give  as 
strong  a  turbidity  as  does  pure'beeswax  containing  5  per  cent  of  added 
paraffin  wax  {LewJcowitsch).  Beeswax  from  Apis  dorsata  remains  clear 
in  the  Wemwurm  test  (Lewkoivitsch).  Berg^  states,  however,  that 
some  East  Asiatic  and  South  Asiatic  beeswaxes  containing  considerable 
amounts  of  meUssyl  (myricyl)  alcohol  almost  invariably  give  a  turbidity 
in  Weinwurm's  test. 

In  doubtful  cases  it  is  best  to  prepare  for  guidance  solutions  made 
up  with  pure  beeswax  and  with  mixtures  thereof  and  the  suspected 
adulterant. 

SoJcoloff^  suggests  the  determination  of  the  heat  of  combustion  of 
the  sample  as  a  method  of  detecting  small  quantities  of  paraffin  wax. 
Genuine  beeswaxes  give  a  heat  of  combustion  of  10,312  calories,  whereas 
paraffin  and  ceresin  gave  on  an  average  11,234  calories.  Evidently 
this  method  is  a  very  cumbersome  one,  and  cannot  therefore  be 
recommended. 

The  specific  gravity  test  will  only  reveal  considerable  quantities  of 
added  ceresin  and  paraffin  wax,  and  therefore  discriminative  importance 
cannot  be  assigned  to  it.  In  special  cases,  however,  the  following 
tables  may  prove  of  some  httle  value  : — 

Specific  Gravity  of  Mixtures  of  Beeswax  and  Paraffin  Wax  (Wagner)  ^ 


Beeswax. 

Paraffin  Wax. 

Specific  Gravity.  . 

Per  cent. 

Per  cent. 

0 

100 

0-871 

25 

75 

0-893 

50 

50 

0-920 

75 

25 

0-942 

80 

20 

0-948 

100 

0 

0-969 

1  Chem.  Zeit.,  1903,  753. 

2  Journ.  Phys.  Ohem.  Soc.  Buss.,  1905  (37),  818. 
•'  Zeitschr.f.  analyl.  Chem.,  5,  280. 
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Specific  Gravity  of  Mixtures  of  Beeswax  and  Ceresin  {Dieterich)  ^ 


1  enow  W  HX. 

XOiiUW  v^clcslll* 

Spec.  Grav.  of 
Mixture. 

White  Wax. 

Whitfl  Ceresiii. 

.Spec.  Grnv.  of 
Mixture. 

Per  cent. 

Per  cent. 

Per  cent 

Per  cent. 

u  y  /  o 

100 

0 

0  yoo 

A 

u 

90 

10 

0  961 

QA 

w 

yj  yoo 

80 

20 

0  9575 

Q  A 

/u 

u  yoz 

70 

30 

A  .A  er  o 

0  95o 

oU 

'J  yoo 

60 

40 

A  .  A  K  A 
U  950 

^A 

u  yo* 

50 

50 

0-944 

50 

50 

0-946 

40 

60 

0-937 

40 

60 

0-938 

30 

70 

0-933 

30 

70 

0-934 

20 

80 

0-931 

20 

80 

0-932 

10 

90 

0-929 

•10 

90 

0-930 

0 

100 

0-922 

0 

100 

0-918 

Considerable  quantities  of  added  ceresin  and  paraflB.n  wax  may  be 
detected  by  the  determination  of  the  unsaponifiable  matter,  i.e.  alcohols 
+  hydrocarbons.  (It  has  been  pointed  out  already  that  the  unsaponifi- 
able portion  must  be  determined  with  certain  precautions  which  are 
detailed  in  Vol.  I.  Chap.  VI.)  It  should  be  borne  in  mind  that  the 
amount  of  "  unsaponifiable "  in  different  beeswaxes  varies  within 
somewhat  wide  Hmits.  The  numbers  given  in  the  table  of  character- 
istics fluctuate  between  52-38  and  55-58.  In  the  examination  of  21 
samples  of  beeswax,  Werder  ^  arrived  at  numbers  lying  between  48-55 
and  53-08  per  cent.  In  view  of  the  tediousness  of  this  process,  and  the 
uncertainty  of  the  conclusions  to  be  derived  therefrom,  it  cannot  be 
recommended  for  the  quantitative  estimation  of  added  ceresin  or  paraffin 
wax,  unless  it  be  corroborated  and  supplemented  by  other  tests.  For 
Ley's  method  cp.  Vol.  I.  p.  602. 

The  proportion  of  total  hydrocarbons  in  beeswax  is  accurately 
determined  by  A.  and  P.  Buisine's  process  (Vol.  I.  Chap.  IX.).  2  to  10 
grms.  of  the  sample  are  heated  with  potash-hme  to  250°  C,  the  residue 
is  powdered,  and  extracted  in  a  Soxhlet  extractor  with  dry  ether  or  dry 
petroleum  ether.  The  extract  is  filtered,  if  necessary,  the  solvent 
evaporated  off,  and  the  residue  dried  and  weighed.  The  proportion  of 
hydrocarbons  in  genuine  yellow  beeswax  varies,  according  to  Buisine, 
from  12-7  to  13  per  cent,  and  according  to  Kebler,  bom  12-5  to  14-5  per 
cent. 

Adulteration  -with  3  per  cent  of  foreign  hydrocarbons  can  thus  be 
detected,  as  an  easy  calculation  will  show.  The  liberated  hydrogen 
may  also  be  measured  and  calculated  to  melissyl  alcohol.  1  grm.  of 
pure  beeswax  should  yield  from  53-5  to  57-5  c.c.  of  hydrogen,  correspond- 
ing to  52-5-56-5  per  cent  of  melissyl  alcohol.  In  case  the  determination 
of  the  latter  be  not  required,  the  apparatus  for  collecting  and  measuring 
the  gas  need  not  be  employed. 

More  recent  determinations  by  Ahrens  and  Hett  have,  however, 
shown  that  the  amount  of  hydrocarbons  in  beeswax  may  rise  as  high 

'  Wagner's  Jahrenbericht,  1882,  1028.  Chem.iZeit.,  1900,  9G7. 
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as  17-3  per  cent  (cp.  table,  p.  900),  so  that  the  certainty  afforded  hitherto 
by  Buisme's  test  for  the  detection  of  3  per  cent  of  hydrocarbons  becomes 
somewhat  illusory  (cp.  also  proportion  of  hydrocarbons  in  Ghedda 
Waxes,  p.  900). 

For  some  alterations  proposed  by  Alirens  and,  Hett  in  Buisine's 
arrangement  of  apparatus,  the  reader  may  be  referred  to  the  original 
paper,  and  it  need  only  be  pointed  out  that  for  the  successful  carrying 
out  of  Buisme's  test  the  potassium  hydrate  should  not  be  finely 
powdered,  since  a  fine  powder  is  apt  to  form  lumps  when  the  wax  is 
poured  over  it.  Thus  unattached  wax  may  rise  in  the  tube  and  escape 
decomposition. 

Detection  of  Rosin. — The  presence  of  rosin  is  detected  with  certainty 
by  the  Liebermann-Slorch  colour  test.  In  the  case  of  a  dark  coloured 
wax  it  is  advisable  to  extract  the  wax  with  alcohol,  and  test  the  residue 
obtained  after  evaporating  the  alcohol.  If  a  50  per  cent  alcohol  be  used 
and  the  alcoholic  solution  be  filtered  in  the  cold,  any  stearic  acid  present 
is  not  extracted.  Approximately  quantitative  results  are  therefore 
obtainable  if  the  residue  left  after  evaporating  off  the  50  per  cent  alcohol 
be  weighed.  More  accurate  results  are  arrived  at  by  determining  (by 
Tivitchell's  method)  the  rosin  in  the  alcohohc  extract. 

Detection  of  Spermaceii. — Spermaceti  does  not  affect  the  acid  value 
(cp.  table,  p.  907).  If  considerable  quantities  of  spermaceti  be  present 
in  beeswax  as  the  only  foreign  wax,  its  presence  would  be  detected,  and 
its  quantity  can  be  ascertained  approximately,  by  acetylating  the 
isolated  unsaponifiable  matter.  In  more  complicated  cases  the  alcohols 
must  be  examined  thoroughly  by  the  methods  given  in  Vol.  I.  Chap.  IX. 
The  quantity  of  spermaceti  can  then  be  derived  from  the  quantity  of 
palmitic  acid  obtained  by  the  conversion  of  cetyl  alcohol  into  this  acid 
(cp.  Vol.  I.  Chap.  IX.).  Such  elaborate  methods  must  be  especially 
resorted  to  in  the  case  of  cerates  and  of  wax  pohshes  (see  Vol.  III. 
Chap.  XVI.    Cp.  also  "  Beeswax  Candles,"  Vol.  III.  Chap.  XVI.). 

Detection  of  Carnauba  Wax. — Considerable  quantities  of  carnaiiba 
wax  may  be  detected  quahtatively  by  the  refractometric  test  and  the 
chloroform  test  (see  p.  902).  The  best  prehminary  method,  however, 
is,  in  the  absence  of  mineral  waxes  and  insect  wax,  Weinwurm's  test,  as 
the  author  has  ascertained  by  experiments  in  his  laboratory.  According 
to  Berg,  mixtures  of  beeswax  and  carnauba  wax  commence  to  melt  at 
68°-70°  C,  and  are  not  completely  melted  at  79°-80°  C.  From  the 
"  ratio  number  "  of  the  wax  conclusions  can  be  di-awn  as  to  the  presence 
of  carnaiiba  wax,  provided  other  adulterants  which  influence  the  ratio 
number  in  the  same  manner  be  absent.  If  they  be  present,  a  thorough 
examination  of  the  neutral  esters  is  required.  The  quantitative  deter- 
mination of  carnaiiba  wax  in  beeswax  is  a  very  difficult  problem,  and 
can  only  be  solved  with  suflScient  accuracy  by  an  exhaustive  examina- 
tion of  both  the  free  and  combined  fatty  acids,  and  of  the  alcohols  by 
the  acetylating  and  potash-lime  processes,  described  Vol.  I.  Chap.  IX. 

Detection  of  Insect  Wax.— As  a  preliminary  test  for  the  detection 
of  insect  wax,  in  the  absence  of  mineral  waxes  and  carnaiiba  wax,  the 
Weinwwrm  test  can  be  recommended.    If  insect  wax  be  the  only 
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adrilterant,  then  its  presence  will  be  detected  by  an  abnormally  high 
"  ratio  number."  It  has  been  pointed  out  above  (p.  917)  that  in  a 
sample  so  adulterated  the  iodine  value  11-5  was  found.  As  insect  wax 
out^ht  to  have  lowered  the  iodine  value  of  the  adulterated  sample 
considerably,  some  other  foreign  substance  must  have  been  added 
(perilla  oil?).  It  is  evident  that  the  detection  of  insect  wax  offers 
difl&culties  similar  to  those  experienced  in  the  search  for  carnaiiba  wax. 
In  doubtful  cases  the  problem  can  only  be  solved  by  a  thorough  exam- 
ination of  the  neutral  esters. 

Detection  of  Wool  Fat  and  Wool  Wax— The  presence  of  wool  fat  or 
wool  wax  is  best  recognised  by  testing  the  alcohols  for  cholesterol  or 
isocholesterol.  As  I  have  shown  (Vol.  I.  Chap.  IX.)  that  cholesterol 
can  be  recovered  almost  completely  from  the  potash-Ume  used  in 
Bwisine's  process,  the  safest  plan  is  to  convert  the  alcohols  into  acids, 
and  to  examine  the  extracted  hydrocarbons  for  cholesterol. 
.  In  addition  to  the  adulterants  enumerated  above,  there  would  also 
have  to  be  considered  as  a  possible  adulterant  Montanwax  (see  Vol.  III. 
Chap.  XVI.).  Methods  for  its  detection  have  not  yet  been  worked  out 
(cp.  below). 

The  author  appUes  in  a  thorough  examination  of  a  sample  of  beeswax 
the  following  tests  in.  the  order  enumerated  here  : — 

Acid  value,  saponification  value,  specific  gravity,  melting  point ;  per- 
centage of  unsaponifiable  matter,  iodine  value,  determination  of  glycerin, 
Weinwurm  test,  extraction  with  alcohol  and  examination  of  the  extracted 
fatty  acids,  percentage  of  fatty  acids  yielding  respectively  easily  soluble  and 
sparingly  soluble  soaps  (by  a  method  apphed  first  in  the  examination  of 
wool  wax  ;  ^  see  Vol.  I.  Chap.  XI.). 

The  unsaponifiable  matter  is  then  further  examined  for  melting 
point,  increase  on  acetylation,  appearance  of  the  acetylated  mass  in  the  hot 
saponification  value  of  the  acetate,  and,  if  need  be,  conversion  of  the 
alcohols  into  fatty  acids. 

Bach  portion  of  the  fatty  acids  isolated  from  the  easily  soluble  and 
sparingly  soluble  soaps  is  examined  separately  for  melting  point  and 
molecular  weight.    The  quantity  of  fatty  acids  isolated  from  the  spar- 
ingly soluble  soaps  is  as  a  rule  contaminated  with  stearic  acid,  etc., 
and  cannot  be  calculated  direct  as  cerotic  acid  ;  it  is  therefore  advisable 
to  treat  these  fatty  acids  with  80  per  cent  alcohol  (see  p.  919)_in  order 
to  remove  acids  of  a  lower  melting  point  than  that  of  cerotic.  Any 
"  montanic  "  acid  due  to  the  presence  of  montanwax,  as  also  carnaiibic 
acid  from  carnaiiba  wax,  would  be  found  with  the  "  cerotic  "  acid. 
Nor  should  the  whole  amount  of  "  cerotic  "  acid  be  calculated  to 
beeswax,  unless  the  absence  of  insect  wax  has  been  ascertained.  By 
applying  these  tests  in  a  systematic  fashion,  and  by  calculating  that 
composition  which  satisfies  best  the  analytical  data,  the  many  errors 
inherent  to  the  methods  can  be  eliminated  to  a  very  large  extent,  so 
that  the  final  results  may  approximate  to  the  true  composition  within 
3  to  5  per  cent. 

'  Levvkowitsch,  Jnurn.  Soc.  Chcm.  ImL,  1892,  13-1  ;  1896,  14. 
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If  the  acid  value  and  saponification  value  found  in  the  actual  sample 
be  diminished  by  those  amounts  which  are  due  to  added  free  fatty  acids 
and  saponifiable  substances  respectively,  the  calculated  acid  and 
saponification  values  may  as  a  rule  be  looked  upon  as  due  to  beeswax 
only.  If  a  "  normal  "  beeswax  had  been  used  in  the  production  of  the 
sample,  the  ratio  of  acid  value  to  saponification  value  wiU  then  be  about 
20  :  95  for  a  crude  wax,  and  about  25  :  95  for  a  bleached  wax.  In  case 
a  sample  consists  of  Indian  or  Chinese  or  Japanese  beeswax  only  (see 
table,  p.  914),  its  abnormal  acid  and  saponification  values  will  define 
its  origin,  if  no  adulterant  can  be  detected.  In  that  case,  confirmation 
may  be  found  in  the  consistence,  these  waxes  being  much  softer  than 
African  waxes  ;  they  are  further  characterised  by  a  pecuhar  aromatic 
odour.  It  would  be  impossible  to  condemn  these  waxes,  inasmuch  as 
they  are  the  genuine  secretion  of  the  bee  (see  above),  although  not  that 
of  Apis  mellifica.  This  point  deserves  the  serious  attention  of  the 
analyst,  as  the  quantities  of  beeswax  exported  from  India  alone  are  not 
inconsiderable.    This  may  be  gathered  from  the  following  table  : — 


Quantity  of  Beeswax  exported  from  the  Whole  of  India 

Cwts. 


1878-79  . 

1880-81  . 

1885-86  . 

1887-  88  . 

1888-  89  . 

1889-  90  . 

1890-  91  . 

1891-  92  . 

1892-  93  . 

1893-  94  . 

1894-  95  . 

1895-  96  . 

1896-  97  . 

1897-  98  . 

1898-  99  . 

1899-  1900 

1900-  1  . 

1901-  2  . 

1902-  3  . 
1903^  . 

1904-  5  . 

1905-  6  . 

1906-  7  . 

1907-  8  . 

1908-  9  . 

1909-  10  . 

1910-  11  . 

1911-  12  . 


3,311 
6,592 
5,635 
6,989 
4,573 
4,222 
6,514 
6,814 
4,667 
5,816 
7,487 
5,882 
3,142 
3,637 
4,846 
5,787 
5,059 
4,139 
4,481 
6,686 
6,941 
8,593 
8,162 
5,120 
4,671 
6,998 
8,652 
12,527 


The  production  of  1902-3  came  fi-om  Bengal  (3020  cwts.),  Bombay 
(762  cwts.),  Madras  (427  cwts.),  Bui-ma  (230  cwts.),  and  Sind  (42  cwts.) ; 
and  of  1911-12  from  Bengal  (7305  cwts.),  Bombay  (3156  cwts.),  Madras 
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(1343  tons),  and  Biu-ma  (723  owts.) ;  the  chief  exports  in  1902-3  were 
to  Straits  (2062  cwts.),  "United  Kingdom  (1313  cwts.),  Germany  (534 
cwts.),  Ceylon  (312  cwts.),  France  (176  cwts.),  United  States  (67  cwts.),^ 
Java,  'Belgium,  and  Mamitius  (17  cwts.),  and  in  1911-12  to  Straits 
(3932  cwts.),  United  Kingdom  (2074  cwts.),  Germany  (3458  cwts.), 
Ceylon  (125  cwts.),  France  (334  cwts!),  Portuguese  East  Africa  (500 
cwts.),  Belgium  (579  cwts.).  These  beeswaxes  differ  from  the  wax  of 
the  domesticated  bee  by  containing  a  smaller  amount  of  free  cerotic 
acid  and  hydrocarbons,  and  inferentially  by  a  larger  proportion  of 
"  myricin."  But  as  they  are  used  in  industry,  moreover  as  they  can 
be  bleached  successfully,  and  therefore  enter  largely  into  the  com- 
position of  candles,  the  greatest  caution  is  required  in  judging  a  bees- 
wax which  consists  of  a  mixture  of  "  normal "  and  "  abnormal " 
beeswaxes.  To  emphasise  this  point,  the  following  table,  due  to 
Buchner,^  may  be  reproduced  : — 


Calculated  Acid  and  Saponification  Values  of  Mixed  "  Normal "  and 
"  Abnormal  "  (Ghedda)  Beeswaxes 


Ghedda  Wax. 
Per  cent. 

"  Normal" 
Beeswax. 
Per  cent. 

Acid  Value. 

Saponification  Value. 

10 

90 

18-5 

94-8 

20 

80 

17-6 

95-2 

30 

70 

15-5 

94-5 

40 

60 

14-1 

94-4 

50 

50 

12-6 

94-2 

60 

40 

11-1 

94-1 

70 

30 

9-7 

94-0 

80 

20 

8-2 

93-8 

90 

10 

6-7 

93-7 

It  win  thus  be  seen  that  if  such  mixtures  be  under  examination 
the  analysis  of  beeswax  offers  the  greatest  difficulties.  In  such  a  case 
only  the  rigorous  elimination  of  all  possible  adulterants  by  an  exhaus- 
tive search  can  lead  to  decision. 

The  bleached  East  Indian  wax  is  frequently  adulterated  (in  Calcutta) 
with  bleached  wax. 

The  chief  uses  of  beeswax  are  for  making  candles  (Russia  alone 
consumes  about  6500  tons  per  annum),  wax  polishes,  and  modelling 
wax.3   Smaller  quantities  are  employed  in  the  manufacture  of  cosmetics, 

'  The  total  import  of  beeswax  into  the  United  States  amounted  in  1905-6  ami  1906-7 
to  5228  and  8200  cwts.  respectively,  and  in  1911  and  1912  to  8061  and  9613  cwts. 
resi)ectively. 

-  Buchner,  Chem.  Zeit.,  1906,  No.  43  ;  Ohem.  ZeiL,  1908,  No.  7. 

•'  For  modelling  flowers,  fruits,  illustnitions  of  botanical  specimens,  and  finest  works 
of  art  pure  V)eL'swax  is  used,  or  at  most  a  small  quantity  of  lard  or  olive  oil  is  added,  in 
order  to  make  the  wax  more  pliable.  Some  modelling  waxes  consist  of  pure  beeswax 
and  a  few  per  cent  of  oil  of  turpentine.  Modelling  wax  in  Germany  is  usually  prepared 
from  5  parts  of  beeswax,  1  to  1^  parts  of  oil  of  turpentine,  and  a  J  to  ^  part  of  sesame  oil. 
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cerates,  ointments,  encaustic  paints,  lithographic  ink,i  and  for  galvano- 
plastic  purposes. 

Keliable  statistics  as  to  the  world's  production  are  not  available, 
but  it  may  be  stated  that  the  import  of  beeswax  into  Germany  in  the 
year  1902  amounted  to  1421  tons,  and  in  1911  and  1912  to  2666  and 
2999  tons  respectively. 

Waxes  used  in  pharmaceutical  practice  must  conform  to  the  speci- 
fications of  the  various  pharmacopoeias,  which  up  till  now  require 
numbers  corresponding  to  "  normal  "  waxes  ;  hence  Chinese,  Japanese, 
and  Bast  Indian  (Ghedda)  waxes  and  mixtm-es  thereof  with  "  normal  " 
waxes  are  not  tolerated  by  the  specifications  of  the  pharmacopoeias. 

Isolated  data  are  the  following  : — France  produces  about  2500  tons 
of  beeswax,  and  exported  in  1913  239  tons,  Eussia  about  2400  tons, 
Madagascar  from  150  to  200  tons,  and  Algeria  from  100  to  150  tons 
per  annum. 

The  value  of  the  total  export  of  beeswax  from  the  Gambia  Pro- 
tectorate and  colony  was  in  1911  and  1912  £1514  and  £1164,  and  that 
from  Abyssinia  £39,462  and  £22,576.  From  Tangier  the  exports 
amounted  in  1912  to  295  cwts,  the  whole  of  which  went  to  Germany. 


BUMP  GLAND  WAX 

French — Cire  des  glandes  anales  des  oiseaux.  German — Burzeir 
drusenwachs.  Italian — Cera  di  cod/rione  degli  uccelli. 

This  wax  occurs  in  the  rump  glands  of  birds,  together  with  animal 
fat.  The  following  characteristics  of  the  wax  have  been  given  by 
Rohmann.^ 

Acid  value  ....  136-175 
Iodine  value  .         .         •  15-6-26-5 

The  wax  contains  up  to  43-5  per  cent  of  octodecyl  alcohol.  Chol- 
esterol is  absent.  The  satm-ated  acids  are  stated  to  exhibit  optical 
activity. 

SPERMACETI  (cETIN) 

French— 5Zawc  de  baleine,  Getine.    German.— TfaZrai. 
Italian — Spermaceto. 

For  table  of  characteristics  see  p.  930. 

Spermaceti  (cetin)  occurs  chiefly  in  the  head  cavities  and  in  the 
blubber  of  the  sperm  whale,  Physeter  macrocephalus  (cp.  p.  863),  and 

For  larger  models  stearine  or  rosin,  or  both,  are  a.lmixed  with  bleached  wax  in  cleflnite 
proportions.    Cheap  modelling  waxes  now  n.ade  for  pnrposes  of  uistruction  contam 
considerable  amounts  of  paraffin  wax,  and  also  ot  siilplnir. 
1  Manche,  Noclain  et  Chavet,  French  patent  397,9^,5. 
Zeit.  f.  die,  gesamte  Biochemie,  1904,  111. 


SPERMACETI  ^29 

the  bottlenose  whale,  Hyperoddon  roslratus ;  it  has  been  also  found 
in  somewhat  smaller  quantities  in  other  cetacea ;  it  constitutes  the 
solid  portion  of  dolphin  oil  (p.  466)  and  of  shark  hver  oil.  The  mode 
of  preparing  crude  spermaceti  has  been  described  above,  p.  863.  Crude 
sperm  oil  yields  about  11  per  cent  of  spermaceti.  The  crude  spermaceti 
is  melted  and  boiled  two  to  three  hours  with  a  dilute  caustic  soda  lye, 
containing  about  2-5  per  cent  of  caustic  soda,  and  finally  washed  with 
water  till  fi'ee  fi-om  alkali.  The  clarified  oil  is  then  drawn  off  into  flat 
tin  moulds,  in  which  the  mass  is  allowed  to  crystaUise.  The  cakes_  are 
broken  up  and  comminuted  to  powder,  which  is  pressed  in  bags  m  a 
hydraulic  press,  first  in  the  cold  and  then  in  the  hot. 

Eefined  spermaceti  forms  lustrous,  white,  translucent,  tasteless, 
and  odourless  masses  with  a  broad  leafy  crystaUine  structure  ;  it  is 
so  brittle  that  it  can  be  rubbed  to  powder.  In  the  melted  state  it 
leaves  a  grease-spot  on  paper.  It  is  insoluble  in  cold  90  per  cent  alcohol, 
and  sparingly  soluble  in  96  per  cent  alcohol ;  it  dissolves,  however, 
easily  in  boihng  alcohol  (1  part  in  40  parts).  On  cooling,  the  bulk 
separates  in  a  crystalline  condition.  Spermaceti  is  readily  soluble  m 
ether,  chloroform,  and  carbon  bisulphide. 

Chemically,  spermaceti  consists  chiefly  of  cetin,^  i.e.  cetyl  palmitate. 
Since  the  saponification  value  of  pure  cetin  is  116-9,  it  is  evident  that 
other  esters  must  occur  in  spermaceti.  This  is  confirmed  indirectly 
by  the  percentage  increase  on  acetylating  the  alcohols  (see  Vol.  I. 
Chap.  IX.).  The  statement  ^  that  spermaceti  contains  also  glycerides 
of  lauric,  myristic,  and  stearic  acids  as  normal  constituents  requires . 
confirmation.  Lewhowitsch  ^  found  in  a  commercial  sample  of  the 
saponification  value  122-3,  the  acetyl  value  2-63  ;  this  would  point  to 
the  presence  of  a  small  amount  of  free  alcohols.  By  crystaUisation  from 
alcohol  pure  cetin  is  obtained. 

On  examining  commercial  samples,  the  author  found  iodine  absorp- 
tions of  3-52  to  4-09,  no  doubt  owing  to  small  quantities  of  sperm  oil 
adhering  to  the  spermaceti.  The  higher  iodine  values  found  by  Dunlop, 
viz.  5-3-9-33,  must  be  due  to  some  sperm  oil  having  remained  behind  ; 
this  is  confirmed  by  the  exceedingly  low  melting  points  of  the  fatty  acids 
which  Dunlop  found,  viz.  32  to  40.  Branderhorst  ^  found  the  iodine 
value  6-7  for  a  specimen  melting  at  44°  C.  If  other  iodine-absorbing 
impurities  (tallow)  are  absent,  the  proportion  of  sperm  oil  may  be 
calculated,  adopting  82-5  as  its  iodine  value. 

The  esters  in  spermaceti  are  readily  saponified  by  boiling  with 
alcoholic  potash ;  on  diluting  the  alcoholic  solution  with  water,  cetyl 
alcohol  is  precipitated. 

1  D.  Bridges,  Englisli  patent  966,  1770. 

2  The  requirements  of  tlie  U.S.  Pliarmaoopoeia  appear  to  correspond  rather  witli 
the  numbers  calculated  for  cetin  than  those  ascertained  hitherto  for  spermaceti  ;  cp. 
L.  Kebler,  Journ.  Hoc.  Qhem.  IniL,  1896,  206. 

»  Heintz,  Liehig's  Anmd.,  ISM,  92.  291.  •*  Analyst,  1899,  321. 

■>  Pliarm.  WeelMad,  1909  (46),  1043. 
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Spermaceti  cannot  be  easily  adulterated,  as  any  foreign  substance 
causes  it  to  lose  its  physical  cliaracters,  such  as  transparency  and 
crystalline  structure.  Genuine  samples  of  commercial  spermaceti 
contain  small  quantities  only  of  fi-ee  fatty  acids.  Thus  Lewhowitsch 
found  in  a  commercial  sample  the  acid  value  1-35,  Kebler  in  the  examina- 
tion of  twelve  samples  of  spermaceti  acid  values  ranging  fi'om  0-09  to 
047,  and  Dunlop  0-20  to  048. 

A  higher  acid  value  of  a  sample  would  indicate  the  presence  of 
stearic  acid  or  heesivax,  a  high  iodine  value  that  of  talloiv.  These  sub- 
stances would  also  be  pointed  out  by  abnormal  saponification  values. 
They,  as  also  paraffin  wax,  may  be  identified  by  the  methods  described 
under  "  Beeswax." 

A  rapid  process  for  the  detection  of  stearic  acid  ^  is  to  melt  the  sample 
in  a  porcelain  basin,  and  to  stir  it  well  with  a  few  c.c.  of  ammonia.  After 
cooling,  the  solidified  cake  is  removed  and  the  aqueous  solution  acidified, 
when  stearic  acid  separates.  The  presence  of  even  one  per  cent  of 
stearic  acid  may  be  thus  ascertained. 

Spermaceti  is  employed  in  the  manufactm-e  of  sperm  candles,  some 
kinds  of  "  beeswax  "  candles,  cerates  (see  Vol.  III.  Chap.  XV.),  and  for 
cosmetic  purposes.^  The  alcohols  obtained  from  spermaceti  are  said 
to  form  a  useful  basis  for  ointments.^ 


INSECT  WAX,  CHINESE  WAX 

French — Gire  d'insectes,  Cire  de  Chine.  German — Insehtenwachs, 
Ghinesisches  Waclis.  Italian — Cera  d'  insetti. 

For  table  of  characteristics  see  p.  933. 

Insect  wax  is  the  secretion  of  an  insect.  Coccus  ceriferus,  Fabr.,  or 
Coccus  pela,  Westwood. 

The  larv«  of  the  insect  appear  early  in  the  spring  on  the  bark, 
boughs,  and  twigs  of  Ligustrum  lucidum,  Ait.  (the  "  evergreen  "  tree 
growing  in  the  Chien-Chang  valley.  Western  China,  near  the  Thibetan 
frontier),  in  the  form  of  numerous  brown,  pea-shaped  scales.  These 
scales  are  gathered  by  the  natives  about  the  end  of  April,  wrapped 
carefully  in  packages  (each  containing  about  1  lb.),  so  as  to  protect  the 
larvae  from  the  heat  whilst  these  packages  are  being  carried  to  Chia-ting, 
the  centre  of  the  insect  wax  industry,  a  distance  of  about  200  miles 
from  the  Chien-Chang  valley.  (In  order  to  prevent  the  premature 
development  of  the  larvae,  the  packages  must  be  kept  as  cool  as  possible 
and,  therefore,  the  carriers  only  travel  by  night.)  Each  package  is 
subdivided  into  smaller  packages,  wrapped  in  leaves,  and  suspended 

'  Les  Owps  gra.i  irLdusiriels,  13.  207. 
^  Zeitschr. /.  anffew.  Chem.,  190.O,  1760. 

'  A  mixture  of  these  iilcoliols  witli  vaseline  is  sold  uiiiler  the  fancy  naiTio  "  Cotoaaii  " 
(Blatz,  /'harm.  XenlmlbL,  1908,  537). 


932 


ANIMAL  WAXES 


OHAP. 


under  the  branches  of  a  species  of  ash  (most  likely  Fraxinus  chinensis), 
after  holes  have  been  made  in  the  leaves  which  cover  the  larva3.  On 
emerging  horn  the  scales,  the  insects  creep  up  the  branches  to  the  leaves 
of  the  tree,  among  which  they  remain  thirteen  days  ;  they  then  descend 
to  the  branches  and  twigs,  where  the  insect  wax  is  secreted.  The  first 
appearance  of  the  wax  on  the  undersides  of  the  boughs  and  twigs 
resembles  snow ;  it  gradually  spreads  over  the  whole  branch  to  the  depth 
of  about  a  quarter  of  an  inch.  Three  months  after  placing  the  insects 
on  the  tree  the  branches  are  cut  oS,  and  as  much  wax  as  possible  is 
removed  by  hand.  In  order  to  recover  a  fm-ther  quantity  the  branches 
are  boUed  with  water.  The  larvae  are  thereby  destroyed,  and  hence 
fresh  scales  must  be  brought  the  following  year  for  another  crop  of  wax. 
One  pound  of  scales  is  stated  to  produce  fom*  to  fi^ve  pounds  of  wax 
{Hosie). 

The  annual  production  of  insect  wax  varies  greatly  with  cUmatic 
conditions,  as  wind  and  rain  act  destructively  on  the  insects. 

Insect  wax  has  a  yellowish- white  colour  ;  it  is  odom'less  and  tasteless, 
has  a  lustrous  appearance  and  a  crystalline  structure,  resembUng  in 
these  respects  spermaceti ;  it  is,  however,  more  fibrous  and  considerably 
harder,  and  can  be  powdered  more  easily. 

This  wax  is  very  shghtly  soluble  in  alcohol  and  ether,  but  easily 
soluble  in  benzene,  from  which  it  can  be  obtained  in  a  crystaUine  form. 
It  consists  chiefly  of  ceryl  cerotate,  CagHga  .  GqqU^iO^,  which  can  be 
readily  isolated  from  the  wax  by  repeated  crystalUsation  from  petroleum 
ether  (boiUng  point  115°-135°  C.).  Since  the  theoretical  saponification 
value  of  ceryl  cerotate  is  73-8,  other  esters  are  evidently  admixed  with 
the  ceryl  cerotate,  as  the  saponification  values  of  commercial  samples 
are  considerably  higher.  Owing  to  the  separation  of  potassium  cerotate 
during  saponification  and  titration,  low  saponification  values  were  found 
by  earlier  observers  ;  such  lower  numbers  are  omitted  here.  A  com- 
mercial sample  of  Chinese  wax  examined  by  the  author  absorbed  1-4 
per  cent  of  iodine.  Another  sample  had  the  acid  value  1-5.  In  the 
Weinwurm  test  (see  p.  921)  Chinese  wax  behaves  like  a  beeswax  adulter- 
ated with  parafiin  wax  {LewJcowitsch). 

Insect  wax  is  used  in  China  and  Japan  for  making  candles,  for 
poHshing  furnitm-e  and  leather,  and  as  a  sizing  material  for  paper, 
silk,  and  cotton  goods.  On  account  of  its  extensive  use  in  China  and 
Japan  it  is  not  largely  exported  to  Europe.^ 

1  Journ.  Soc.  Chan.  Ind.,  1897,  685. 
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PSYLLA  WAX-^ 

This  wax  is  secreted  by  Psylla  alni,  an  apHde  living  on  the  leaves 
of  Alnus  incana.  It  is  obtained  by  extracting  the  insects  first  with  hot 
ether,  in  order  to  remove  glycerides,  and  fijially  with  hot  chloroform. 

The  wax  is  insoluble  in  hot  ether,  and  only  sparingly  soluble  in  cold 
chloroform,  but  readily  soluble  in  hot  chloroform  and  in  benzene.  It 
crystallises  in  needles  of  silky  lustre,  melting  at  96°  C. 

Psylla  wax  is  the  psyllostearylic  ester  of  psyllostearyl  alcohol  (see 
Vol.  I.  Chap.  III.).  The  hydrolysis  of  the  wax  is  stated  to  be  effected 
less  expeditiously  by  alcohoUc  potash  than  by  hydrobromic  acid.^ 

Sundwick  ^  states  that  the  alcohol  from  psylla  wax  does  not  decom- 
pose when  heated  with  an  excess  of  caustic  potash,  even  when  heating 
is  continued  untU  the  larger  part  of  the  alcohol  is  volatilised.  On  heating 
with  soda-lime,  however,  besides  hydrogen  and  water,  an  acid  melting 
at  94°  is  obtained  (Psyllostearylic  acid).  This  shows  I  a  marked  differ- 
ence from  the  alcohol  obtained  from  bumble  bee  wax. 


WAX  FROM  TUBEECULOSIS  BACILLI 

French — Gire  de  bacille  tuberculeux.  German — Tuberkel- 
hacillenwachs.  Italian — Cera  di  tubercoli. 

On  extracting  dried  tuberculosis  bacilli  with  chloroform,  Kresling  ^ 
obtained  a  fatty  substance  consisting,  according  to  his  statements,  of  :— 
free  fatty  acid,  14-38  per  cent ;  neutral  fats  and  fatty  acid  esters,  77-25 
per  cent ;  lecithin,  0-16  per  cent ;  water-soluble  substances,  0-73  per 
cent.  From  the  "  fatty  acid  esters,"  31-9  per  cent  of  alcohols  melting 
at  43-5°  C.  were  obtained.  The  total  fatty  matter  had  the  followmg 
characteristics  : — 

Melting  point 
Acid  value 
Reichert-Meissl  value 
Fatty  acids  +  unsaponifiable 
Saponification  value 
Iodine  value 

The  fatty  substance  seems  to  be  a  wax,*  which  is  only  saponified 
with  great  difaculty,  for  a  similar  preparation  obtained  by  Bullock  and 
Macleod  by  extracting  dry  tubercle  bacHli  with  Aronson's  mixture 
(alcohol  and  ether  containing  1  per  cent  of  hydrochloric  acid),  furmshed, 

'  Zdlschr.f.  phys.  Cliem.,  1901  (32),  355  ;  ibid.,  1911,  455. 

■■^  1908  (54),  255.  „,   ,    „  ,,    .,  mm 

a  "Uber  die  Fettsubstanz  der  Tuberkelbacillen, "  Centralhl.  J.  BaktenoL,  l.)OL 

X.XX.  897. 

•>  Cp.  Ritchie,  Journ.  Path,  and  BacL,  1905,  334. 


23-08 
2-00 

74-24  per  cent 
60-70 
9-92 
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after  saponification  with  sodium  alcoholate,  a  substance  which  on 
examination  by  Lewkowitsch  ^  gave  the  following  numbers  : — 


Iodine  value  .... 
Saponification  value 
Melting  point  .... 
Increase  of  weight  on  acotylating 
Saponification  value  of  acetylated  product 


9-39 
49-40 
44-4°  C. 


1'2  per  cent 


69-0 


These  numbers  show  that  a  considerable  amount  of  the  wax  had 
escaped  saponification. 

Aronson  ^  states  that  the  acid  value  in  hot  alcoholic  solution  was 
40-8.  The  alcohol-soluble  portion  contains  a  large  proportion  of  phos- 
phorus-containing compounds  resembling  lecithin.  Aronson  further 
states  that  the  insoluble  portion  was  a  higher  alcohol  which  was  not  a 
cholesterol.  This  is  confirmed  by  Panzer^  who  extracted  the  dried 
bacilli  with  ether.  This  extract  on  examination  by  the  digitonin  test 
showed  no  indication  of  the  presence  of  cholesterol.  Pontes  ^  states  that 
he  has  found  indications  of  palmitic  acid. 

The  manufacture  of  the  wax  ("  fatty  substance  ")  from  tuberculosis 
bacilli  and  other  micro-organism,  especially  from  Streptrothrix  leproides, 
and  its  employment  for  medicinal  pm-poses  ^  has  been  patented  by 
Ealle  &  Go.,^  and  also  Meister,  Lucins,  and  Bruning? 

1  "  Chemical  Constitution  of  the  Tubercle  Bacillus,"  by  W.  Bullock  and  J.  J.  R. 
Macleod,  .Toxhrnal  of  Hygiene,  1904  (iv. ),  7. 

2  Berliner  Min.  Wochenschr.,  1910,  No.  35,  13. 
^  Zeitschr.  f.  phi/sio!.  Chem.,  1912,  78,  414. 

Zentralbl.f.  Balder,  u.  ParasitenJc,  1909,  317. 

Cp.  Deycke  (Pasha)  and  Reschad  (Bey),  Deutsche  medic.  Wochenschr.,  190/,  89. 
8  English  patent  26,077,  1906  ;  German  patents  193,883,  199,200  ;  English  patent 
27,383,  1907  ;  German  patent  201,989.  An  addition  to  German  patent  199,200  claims 
as  solvents  (for  the  extraction  of  the  "fatted  substance")  benzaldehyde,  benzyl  alcohol 
salicyl  aldehyde,  cinnamic  aldehyde,  and  benzoyl  chloride.  Cp.  also  Zeitschr.  f.  angeio. 
Chen,..,  1909,  102;  and  German  patents  212,350,  212,830,  213,393,  214,071  (Kalle 
k  Co.). 

'  English  patent  23,022,  1911  ;  cp.  German  patent  239,560. 
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Acanthosicysus  horrida,  162 
Acrooomia  sclerocarpa,  607 
Acrocomia  totai,  607 
Acrocomia  vinifera,  606 
Adansonia  alba,  512 
Adansonia  digitata,  512 
Adansonia  Grandidieri,  512 
Adansonia  gregori,  512 
Adansonia  madagascariensis,  512 
Adansonia  rubrostipa,  512 
Adansonia  Za,  512 

^giphila  obducta,  table  facing  page  667 
iEsculus  hippocustanum,  table  facing 

page  404 
Aleurites  cordata,  72 
Aleurites  Fordii,  82 
Aleurites  moluccana,  86 
Aleurites  triloba,  88 
Alfonsia  oleifera,  533 
Allanblackia  floribunda,  524 
AUanblackia  Stuhlmanmi,  575 
AUophyllus  racemosa,  table  facing  page 

667 

Alnus  incana,  934 

Amanita  rausuaria,  table  facing  page  404 
Amoora  Rohituka,  126 
Amygdalus  communis,  287 
Amygdalus  persica,  285 
Anacardium   occidental,  table  facing 
page  404 

Anthyllis  vulucraria,  table  facing  page 
404 

Antiaris  toxicaria,  886 
Apeiba  Tunbourbou,  table  facing  page 
404 

Aphanamixis  Rohituka,  126 
Arachis  hypoga3a,  297 
Arachis  prostrata,  297 
Arbutus  Unedo,  103 
Arctium  Lappa,  96 
Areca  catechu,  611 
Arganum  sideroxylon,  322 
Argemone  albiflora,  140 
Argemono  grandiflora,  140 
Argemone  faiKpida,  140 
Argemone  Hiinnemannii,  140 
Argemone  niexicana,  139 
Argemone  spociosa,  140 
Asparagus  oflicinalis,  125 
Aspidium  tilix  mas,  table  facing  page 
238 


Aspidium  spinulosum,  table  facing  page 
238 

Astrocaryum  vulgare,  532 
Attalea  cohune,  609 
Attalea  excelsa,  612 
Attalea  maripa,  612 
Attalea  spectabilis,  612 
Azadirachta  indica,  513 

Bactris  minor,  607 

Bactris  plumeriana,  609 

BaUlonella  Djave,  529 

BaiUonella  toxisperma,  529 

Balanites  segyptiaca,  230 

Balanites  Manghamii,  231 

Balsamaria  inophyUum,  369 

Barbarea  prsecox,  276 

BasUoxylon    brasUiensis,    table  facing 

page  667 
Bassia  butyracea,  572 
Bassia  Djave,  529 
Bassia  latrfolia,  518 
Bassia  longifolia,  522 
Bassia  Mottleyana,  516 
Bassia  Parkii,  524 
Bassia  toxisperma,  529 
Bassia  vUlosa,  518 
BerthoUetia  excelsa,  234 

Betula  alba,  table  facing  page  404 

Bignonia  flava,  table  facing  page  238 

Bignonia  tomentosa,  83 

BUghia  sapida,  552 

Boletus  elegans,  table  facing  page  404 

Bombax  Ceiba,  179 

Bombax  raalabaricum,  179 

Bombax  pentandrum,  179 

Brassica  alba,  268 

Brassica  Besseriana,  264 

Brassica  campestris,  241 

Brassica  campestris,  var.  Napus,  243 

Brassica  campestris,  var.  Rai)a.,  243 

Brassica  carinata,  264 

Brassica  glauca,  249 

lirassica  juncoa,  264 

Brassica  na]3us,  249 

Brassica  nigra,  263 

Brassica  olcracca,  244 

Brindonia  indica,  597 

Brucoa   antidysentorica,    table  facing 
page  404 

Brucca  suraatrana,  table  facing  page  404 
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Bryonia  dioica,  163 
Buchanania  fastigiata,  664 
Buchanania  latifolia,  table  facing  page 
667 

Bursera  paniculata,  382 
Butyrospermum  Parkii,  524 

Cacara  nigra,  236 

Csesalpinia  BonduceUa,  table  facing  page 
238 

Caju  gadelupa,  497 

Calodendron  capense,  table  facing  page 
238 

CalophyUum  Calaba,  369 
Calophyllum  inophyllum,  369,  499 
CalophyUum  Tacamahaca,  369 
CameUna  sativa,  143 
CameUia  drupifera,  323 
Camellia  japonica,  326 
CameUia  oleifera,  323 
CameUia  sasanqua,  327 
CameUia  theLfera,  324 
Canarium  commune,  382 
Canarium  microcarpum,  383 
Canarium  oleosum,  383 
Canarium  polyphyllum,  383 
Cannabis  sativa,  93 
CantliareUus  cibarius,  icMe  facing  page 
404 

Capsicum  armuum,  table  facing  page  238 
Caragsena  arborescens,  137 
Carapa  grandiflora,  507 
Carapa  guianensis,  502 
Carapa  guineensis,  503 
Carapa  guyanensis,  502 
Carapa  moluccensis,  502 
Carapa  procera,  503 
Carapa  surinamensis,  504 
Carapa  touloucouna,  502 
Carica  papaya,  table  facing  page  667 
Carpa  microcarpa,  table  facing  page 
667 

Carpatroche  brasiUensis,   table  facing 

page  667 
Carrumbium  sebiferum,  592 
Carthamus  oxyacantha,  104 
Carthamus  tinctorins,  104 
Caryocar  butyrosum,  555 
Caryocar  nuciferum,  555 
Caryocar  tomentosum,  555 
Cassambium  spinosum,  553 
Celastrus  paniculatus,  338 
Celastrus  senegalensis,  337 
Celastrus  serratus,  337 
Celosia  cristata,  138 
Cephalotaxus  drupacea,  110 
Cera  Musse,  884 
Ceroxylon  andicola,  885 
Cheiranthus  cheiri,  145 
Chelidonium  majus,  155 
Chorisia  Peckoltiana,  table  facing  page 

667 

Cbrozophora  verbascifoUa,  155 
Cinnamomum  camphora,  666 
CitruUus  colocynthis,  160 


CitruUus  naudinianus,  162 
CitruUus  vulgaris,  162 
Citrus  aurantiura,  table  facing  page  238 
Clavaria  flava,  table  facing  page  404 
Cochlearia  officiaaUs,  276 
Cochlospermum  Gossypium,  table  facing 

page  238 
Cocos  acrocomoides,  649 
Cocos  aculeata,  607 
Cocos  butyi-acea,  623 
Cocos  nucifera,  623 
Cocos  solerocarpa,  607 
CofEea  arabica,  371 
Colophonia  mauritiana,  382 
Copernicia  cerifera,  875 
Coriandrum  sativum,  table  facing  page 

238 

Cornus  sanguinea,  294 

Corylus  aveUana,  330 

Corylus  tubulosa,  332 

Corypha  cerifera,  875 

Coula  eduUs,  table  facing  page  404 

Coumarouna  excelsa,  649 

Crambe  maritima,  276 

Crataegus  oxyacantha,  150 

Croton  ElUotianus,  131 

Croton  sebiferum,  89,  592 

Croton  Tiglium,  227 

Cucumis  Chate,  164 

Cucumis  citruUus,  163 

Cucumis  melo,  165 

Cucumis  sativus,  166 

Cucurbita  citruUus,  163 

Cucurbita  maxima,  160 

Cucurbita  pepo,  158 

Cupressus  sempervirens,  141 

Cydonia  vulgaris,  277 

CyUcodaphne  Litsaea,  661 

Cylicodaphne  sebifera,  661 

Cynara  carduncuius,  110 

Cyperus  esculentus,  table  facing  page  404 

Cytisus  laburnum,  table  facing  page  238 

Dahlbergia  arborea,  497 
Dahlbergia  sissoo,  497 
Daphne  Cnidium  (semen  coccognidii), 
156 

Daphne  Mezereum,  156 

Datura  Metel,  177 

Datura  Stramonium,  176 

Delphinium  elatum,  table  facing  page  238 

Dichopsis,  601 

Diospyros  kaki,  173 

Diospyros  virginiana,  173 

Dipterocarpus  tuberculatus,  916 

Dipteryx  odorata,  649 

DoUchos  soja.  111 

Dryandra  cordata,  72 

Dryandra  vernicea,  72 

Dumoria  Heckeli,  532 

Echinops  ritro,  110 
Elasis  guineensis,  532 
Eteis  melanococca,  533 
Elseis  Nigrescens,  643 
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Elteis  Virescens,  543 
Elseococca  cordata,  72 
Elseocooca  sinensis,  72 
Elieococca  vernicia,  72,  82 
Eriobotrya  Japonica,  558 
Eriodendron  anfractuosum,  179 
Eruca  sativa,  271 
Euphorbia  antisyphilitica,  879 
Euphorbia  elastica,  table  facing  page  238 
Euphorbia  gregaria,  table  facing  page  238 
Eurycoma  longifolia,  table  facing  page 
404 

Euterpe  oleracea,  238 
Evonymus  europsea,  226 
Evonymus  verrucosa,  table  facing  page 
238 

Excsecaria  sebifera,  592 

Fagus  sylvatica,  177 

Fegimaura  africana,  659 

Ficus  ceriflua,  884 

Ficus  gummiflua,  i.  241 

Ficus  rubiginosa,  886 

Ficus  subracemosa,  884 

Foeniculuni  capUlaceum,  i.  193 

Fouquiera  splendens,  886 

Fragaria  vesca,  147 

Fraxinus  chinensis,  932 

Fraxinus  excelsior,  table  facing  page  238 

Fimtumia  elastica,  128 

Gadelupa  arborea,  497 
Gadelupa  indica,  497 
Gadelupa  pinnata,  497 
Galega  officinalis,  table  facing  page  404 
Galeopsis  ladanum,  table  facing  page  238 
Galorrheus  vellereus,  table  facing  page 
404 

Garcinia  Balensse,  598 

Garcinia  echinocarpa,  600 

Garcinia  indica,  597 

Garcinia  mangostana,  598 

Garcinia  moreUa,  551 

Garcinia  pictoria,  598 

Garcinia  purpurea,  597 

Garcinia  tonkinensis,  598 

Glycine  hispida,  111 

Glycine  Soja,  111 

Gossypium  arboreum,  181 

Gossypium  barbadense,  181 

Gossypium  brasUiense,  182 

Gossypium  herbaceum,  182 

Gossypium  hirsutum,  181 

Gossypium  neglectum,  181 

Gossypium  obtusifolium,  182 

Gossypium  poruvianum,  182 

Gossypium  Wightianum,  182 

Guizotia  abyssinica,  133 

Guizotia  oleifera,  333 

Gynandropsis  pontaphylla,  table  facing 

page  238 
Gynocardia  odorata,  96 

Hedysanim   Onobrychis,  table  facing 
page  404 


Helianthus  annuus,  135 

Hesperis  matronalis,  91 

Hevea  brasiliensis,  129 

Hodgsonia  heteroclita,  see  H.  Kadam 

Hodgsonia  Kadam,  515 

Hopea  aspera,  600 

Hordeum  vulgare,  table  facing  page  238 
Hotnima  Teissonieri,  127 
Humulus  lupulus,  150 
Hydnocarpus  alpina,  494 
lydnocarpus  anthelmintica,  495 
Hydnocarpus  edulis,  496 
Hydnocarpus  heterophyllus,  491 
Hydnocarpus  inebrians,  493 
Hydnocarpus  Kurzii,  491 
Hydnocarpus  Wightiana,  493 
Hydnum  repandum,  table  facing  page 
404 

Hyoscyamus  niger,  132 

Hbcium  religiosum,  table  facing  page  238 

Illicium  verum,  table  facing  page  238 

lUipe  butyracea,  572 

Illipe  latifolia,  518 

Dlipe  malabarica,  522 

Irvingia  Barteri,  659 

Irvingia  gabonensis,  659 

Irvingia  Harmandiana,  664 

Irvingia  malayana,  664 

Irvingia  Oliveri,  664 

Isatis  tinctoria,  276 

Isoptera  borneensis,  494 

Jatropha  Curcas,  231,  886 

Jatropha  glandulifera,  234 

Jatropha  mahafalensis,  232 

Jatropha  multifida,  232 

Jatropha  oligandra,  232 

Joannesia  princeps,  table  facing  page  238 

Joliffia  africana,  332 

Juglans  nigra,  226 

Juglans  regia,  99 

Juniperus  communis,  i.  68 

Juniperua  Sabina,  i.  68 

Kerstingiella  geooarpa,  table  facing  page 
540 

Klopstockia  cerifera,  885 

Lallemantia  iberica,  85 
Lallemantia  Royleana,  85 
Langadorffis  hypogcea,  886 
Lappa  minor,  96 

Laurus  indica,  table  facing  page  238,  4U'J 

Laurus  nobilis,  499 

Lawsonia  alba,  154 

Lecythis  ollaria,  380 

Looythis  urnigora,  table  facing  page  404 

Locythis  Zabucajo,  380 

Leonurus  cardiaca,  table  facing  page  238 

Lepidadcnia  Wightiana,  661 

Lopidium  sativum,  239 

Lopiota  proccra,  table  facing  page  404 

Ligustrum  lucidum,  931 

Linaria  reticulata,  103 
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Lindera  Benzoin,  table  facing  page  404 
Linum  usitatissimum,  45 
Litssea  sebifera,  661 
Litssea  zeylanica,  558 
LopMra  alata,  513 
Lophira  procera,  515 
Lotus  coruiculatus,  table  facing  page  404: 
LufEa  acutangula,  table  facing  page  667 
LufEa  segyptiaca,  225 
Lupinus  albus,  table  facing  page  404 
Lupinus  angustifolius,  table  facing  page 
404 

Lupinus  luteus,  table  facing  jxige  404 
Lupinus  sativus,  table  facing  page  404 
Lycoperdum  gemmatum,  table  facing 
page  404 

Lycopersicum  esculentum,  table  facing 
page  172 

Machilus  Thunbergii,  517 

Madia  sativa,  145 

Mafureira  oleifera,  555 

Mangifera  gabonensis,  659 

MangLfera  indica,  i.  30 

Mangostana  indica,  597 

Manihot  ceara,  127 

Manihot  dichotoma,  127 

Manihot  dulcis,  127 

Manihot  Glaziovii,  126 

Manihot  heptaphylla,  127 

Manihot  Jequie,  127 

Manihot  pianhyensis,  127 

Manihot  Teissonieri,  127 

Manihot  utilissima,  127 

Manihot  violacea,  127 

Manniophytum   fulvium,   table  facing 

page  238 
Mauritia  vinifera,  60C 
Maximihana  maripa,  612 
Medicago  sativa,  table  facing  page  404 
Meha  Azadirachta,  513 
MeUa  Azedarach,  131 
Melia  champaca,  524 
Mehlotus  albus,  table  facing  page  404 
Melilotus  oiEcinaUs,  table  facing  page  404 
MeUicocca  trijuga,  553 
Mimusops  Djave,  529 
Mimusops  Njave,  529 
Moquinia  hypolenca,  886 
Moringa  aptera,  373 
Moringa  oleifera,  373 
Moringa  pterygosperma,  373 
Moronobea  coccinea,  515 
Morus  alba,  152 
Mucuna  capitata,  236 
Mucuna  oylindro-sperma,  236 
Mucuna  monosperma,  236 
Mucuna  pruriens,  236 
Mucuna  prurita,  236 
Mucuna  urens,  236 
Munnicksia  Wightiana,  493 
Myagrum  sativum,  143 
Mymusops  olengi,  table  facing  page  667 
Myrica  arguta,  656 
Myrica  caracassana,  656 


Myrica  carolinensis,  666 
Myrica  cerifera,  656 
Myrica  cordifolia,  656 
Myrica  ethiopica,  656 
Myrica  jalapensis,  656 
Myrica  laciniata,  656 
Myrica  queroifolia,  656 
Myrica  serrata,  656 
Myristica  angolensis,  565 
Myristica  argentea,  562,  564 
M3Tistica  bicuhyba,  see  Virola  b. 
Myristica  canarica,  566 
Myristica  fragrans,  560 
Myristica  guatemalensis,  564 
Myristica  iriya,  559 
Myristica  lauritolia,  564 
Myristica  malabarica,  565 
Myristica  moschata,  560 
Myristica  ocuba,  571 
Myristica  oificinalis,  560 
M}aistica  otoba,  570 
Myristica  sebifera,  see  Vuola  s. 
Myristica  surinamensis,  567 
Myrtus  communis,  225 

Nasturtium  officinale,  276 
Nephelium  lappaceum,  577 
Nerium  oleander,  table  facing  imge  404 
Nicotiana  tabacum,  table  facing  page  238 
NigeUa  sativa,  table  facing  page  238 

Ochocoa  gabonii,  569 
Ocimum  crispum,  43 
(Enooarpus  bacaba,  237 
Qilnocarpus  batava,  237 
Olea  europasa  (sativa),  338 
Oleum  crotonis,  227 
Oleum  infernale,  231 
Oncoba  echinata,  496 
Ongokea  Klainana,  154 
Onguekoa  Gore,  154 
Onobrychis  montana,  table  facing  page 
404 

Onobrychis  sativa,  table  facing  page  404 
Onobrychis  viciasf oha,  table  facing  page 
404 

Onobrychis  vulgaris,  table  facing  page 
404 

Ornithopus  roseus,  table  facing  page  404 
Ornithopus  sativus,  table  facing  page  404 
Oryza  sativa,  321 

Palaquium  dichopsis,  601 
Palaquium  oblongifolium,  574 
Palaquium  oleosum,  574 
Palaquium  pisang,  574 
Palma  maripa,  612 

Paneira  do  campa,  Bombax,  table  facing 

page  667 
Pangium  cdule,  496 
Pauicum  italicum,  132 
Pajjaver  album,  119 
Papaver  nigrum,  119 
Papaver  somnifcnnn,  119 
Parkia  africana,  497 
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Parkia  biglobosa,  497 

Paullinia  trigona,  table  facing  page  667 

Paiilownia  imperialis,  83 

Payena  oleifera,  517 

Pedilanthus  pavonis,  879 

Pentaclethra  macrophylla,  295,  659 

Pentacme  siainonsis,  600 

Pentadosma  butyracea,  table  facing  page 

667  . 
Pentadesma   leptonema,    table  facing 

page  667 
Perilla  argvita,  43 
Perilla  heteromorpha,  42 
Perilla  nankinensis,  42 
PeriUa  ocimoides,  42 
Persea  gratissima,  table  facing  page  667 
Petroselinuin  sativum,  table  facing  page 

404 

Philadelphus  coronarius,  886 
Picea  excelsa,  i.  68 

Picramnia  carpenterte,  table  facing  page 
667 

Picranmia  lindeniana,  table  facing  page 
667 

Pimpinella  anisum,  227  ;  i.  193 

Pinus  abies,  141 

Pinus  cembra,  141 

Pinus  Fremontiana,  140 

Pinus  Gerardiana,  141 

Pinus  monophylla,  141 

Pinus  montana,  141 

Pinus  picea,  141 

Pinus  pinea,  141 

Pinus  sylvestris,  141  ;  i.  68 

Pirug  communis,  table  facing  page  238 

Pirus  malus,  table  facing  page  238 

Pistacia  lentiscus,  329 

Pistacia  terebinthus,  330 

Pistacia  vera,  329 

Pithecoctenium  echinatum,  table  facing 
page  667 

Pithecolobium  dulce,  table  facing  page 
667 

Plukenetia  conophora,  71 
Poga  oleosa,  328 
Polygala  senega,  375 
Polygalum  Gesneri,  table  facing  page  404 
Polyporus  confluens,  table  facing  page 
404 

Pongamia  glabra,  497 

Pninus  amygdalus,  287 

Prunus  armoniaca,  280 

Prunus  brigantiaca,  285 

Prunus  cerasus,  278 

Primus  damascffina,  283 

Prunus  domestica,  283 

Pninus  laurocerasus,  280 

Prunus  persica,  285 

Psoralca  corylifolia,  table  facing  page  404 

Pycnanthus  Kombo,  565 

Quatel6  Zabucajo,  380 
Quercus  agrifolia,  294 

Pvaphanus  Raphanistrum,  270 


Raplianus  sativus,  272 

Rapliia  ruffia,  882 

Reseda  lutoola,  153 

Rhamnus  cathartica,  95 

Rhus  acuminata,  650 

Rhus  glabra,  table  facing  j)age  404 

Rhus  succedanea,  650 

Rhus  sylvestris,  650 

Rhus  vornicil'era,  650 

Rhymovis  atratomentosa,  table  facing 

page  404 
Ribes  rubrum,  148 
Ricinodendron  afrioanum,  97 
Ricinodendron  Heudelotii,  97 
Ricinodendron  Rauthanenii,  98 
Ricinus  commiuiis,  389 
Ricinus  sanguineus,  390 
Ricinus  viridis,  390 
Ricinus  Zanzibariensis,  390 
Ricinus  Zanzibarinus,  390 
Robinia  pseudoacacia,  91 
Rosa  canina,  150 

Salvadora  indica,  664 

Salvadora  oleoides,  664 

Salvadora  persica,  664 

Sambucus  racemosa,  334 

Sambucus  racemosa  arborescens,  334 

Sapindus  rarak,  table  facing  page  404 

Sapindus  trif  oliatus,  table  facing  page  404 

Sapium  sebiferum,  89,  592 

Schleichera  trijuga,  553 

SchmideUa  racemosa,   see  AllophyUus 

racemosa 
Scyphocephalium  chrysothrix,  569 
Scyphocephalium  ochocoa,  569 
Sebifera  glutinosa,  661 
Seoale  cereale,  table  facing  page  238 
Secale  cornutum,  381 
Sesamum  indicum,  208 
Sesamum  orientale,  208 
Sesamum  quadridentatum,  208 
Sesamum  radiatum,  209 
Sesamum  subdentatum,  208 
Sesamum  subindivisum,  208 
Shorea  aptera,  600 
Shorea  compressa,  600 
Shorea  falcifcra,  600 
Shorea  Gysbertiana,  600 
Shorea  Martiniana,  600 
Shorea  stenoptora,  600 
Simaruba,  table  facing  page  667 
Smapis  alba,  268 
Sinapis  arvonsis,  271 
Sinapis  chinensis,  271 
Sinapis  cUssccta,  271 
Sinapis  nigra,  263 
Siphonia  elastica,  129 
Skaphium  lancoatum,  C04:  table  facing 

page  667 
Soja  hispida,  111 
Soja  japonica.  111 
Sorbus  aucuparia,  138 
Sorghum  cornuum,  237 
Sorghum  vulgarc,  237 
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Spondias  lutea,  936 
Stadmannia  sideroxylon,  553 
Standtia  Kamerunensis,  671 
Stcarodendron  Stiihlmannii,  575 
Sterculia  appendiculata,  380 
Sterculia  Chicha,  table  facing  page  667 
Sterculia  foetida,  377 
StiUingia  sebifera  (Croton  sebiferum), 

89,  592 
StiUingia  sinensis,  592 
Strophanthus  hispidus,  375 
Strychnos  nux  vomica,  509 
SjTnpiionia  fasciculata,  516 
Symphonia  globulifera,  515 
Symphonia  Isevis,  516 
Symphonia  louveli,  516 

Tamarindus  indica,  table  facing  page  238 
Taraktogenos  Kui'zii,  491 
Telfairia  oocidentaUs,  334 
Telfairia  pedata,  332 
Tetranthera  calophylla,  661 
Tetranthera  citrata,  table  facing  page 
667 

Tetranthera  glabraria,  table  facing  page 
667 

Tetranthera  laurifoHa,  661 ;  table  facing 
page  667 

Tetranthera  Roxburghii,  table  facing 

page  667 
Thea  drupifera,  323 
Thea  japonica,  326 
Thea  oleosa,  323 
Thea  sasanqua,  323,  327 
Thea  sinensis,  324 
Theobroma  cacao,  579 
Thespesia  populnea,  table  facing  page 

404 

Thuja  occidentalis,  141 ;  i.  68 
Tieghemella  africana,  529 
Tieghemella  Heckeliana,  632 
Tieghemella  JoUyana,  529 
TUia  americana,  224 
Tilia  cordata,  224  ;  table  facing  page  238 
Tiiia  parvif olia,  224  ;  table  facing  page 
238 

Torieya  nucifera,  109 


Trametes  suaveolens,  table  facing  vaae 
404  ■>      «  i-  J 

Trichilia  emotica,  656 
Trichiha  subcordata,  557 
Trichosanthcs  Kadam,  516 
Trifolium  agrarium,  table  facing  pane 
404 

Trifohum  hybridium,  table  facing  page 
404 

Trifolium  incamatum,  table  facing  page 
404 

Trifolium  pratense,  table  facing  page  404 
Trifolium  pratense  pereime,  157 
Trifohum  repens,   157 ;    table  facing 

page  404 
Triticum  sativum,  174,  293 
Tropaeolum  majus,  380 
Tumion  californicum,  295 

Ulmus  campestris,  table  facing  page  404 
Ungnadia  speciosa,  table  facing  page  404 

Vaccinium  myrtiUus,  150 
VaccLnium  vitis  idoea,  149 
Vateria  indica,  677 

Vernonia   anthelmintica,   table  facing 

page  404 
Vioia  faba,  table  facing  page  238 
Virola  bicuhyba,  568 
Virola  guatemalensis,  567 
Yirola  Micheli,  571 
Virola  sebifera,  671 
Virola  surinamensis,  567 
Virola  venezuelensis,  567 
Vitex  agnus  castus,  389 
Vitis  vinifera,  385 

Xanthium   Strumarium,   table  facing 
page  238 

XanthophyUum  lanceatum,  604 ;  table 

facing  page  667 
Ximenia  americana,  336 
Ximenia  Russelhana,  336 

Zanthoxylum  Clava-Herculis,  936 
Zanthoxylum  Pentanome,  936 
Zea  mays,  166 
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Aoanthias  vulgaris,  446 
Accipenser  sturio,  table  facing  page  423 
^straelata  lessoni,  table  facing  page  724 
Alausa  pilchardus,  table  facing  page  423 
Albumus  lucidus,  table  facing  page  423 
Alosa  menhaden,  411 
Anas  boschas,  674 ;   table  facing  page 
862 

Anguilla  rostrate,  table  facing  page  447 
Anser  cinereus,  682 
Anser  ferns,  682 

Antilope  rupicapra,  table  facing  page  862 

Apis  dorsata,  915 

Apis  fiorea,  915 

Apis  indica,  915 

Apis  Ligustica  spinola,  920 

Apis  meUifera,  896 

Apis  Trigona,  915 

Arctocephalus  Hookeri,  448 

Arctomys  marmota,  674 

Balsena  australis,  454 

Balsena  mysticetus,  454 

Balaenoptera  borealis,  454 

Balsenoptera  hyperoodon,  454 

Balsenoptera  longimana,  454 

Balsenoptcra  musculus,  454 

Balsenoptera  sibbaldii,  454 

Birgns  latro,  447 

Bombus  lapidarius,  936 

Bombus  muscarum,  936 

Bombus  terrestria,  936 

Bombyx  mori,  473 

Brevoortia  tyrannus,  411 

Brosmius  brosme,  table  facing  page  447 

Bubulum,  Oleum,  484 

Cancer  pagurus,  447 
Canis  famUiaris,  table  facing  page  862 
Canis  vulpes,  table  facing  page  862 
Carcharius  littoralis,  table  facing  page 
447 

Centrina  Salviani,  table  facing  page  447 

Geroplastcs  ceriferus,  936 

Ceroplastes  rubeus,  936 

Corvus  alces,  table  facing  page  862 

Cervua  capreolus,  fable  facing  page  862 

Cervus  dama,  table  facing  page  862 

Cervus  elaphus,  861 

Cervus  rangifer,  table  facing  page  862 

Cervus  tarandus,  table  faci  ng  page  862 


Chelonia  mydas,  465 

Clupanodon  melanosticta,  416 

Clupea  harengus,  420 

Clupea  longiceps,  419 

Clupea  paUasi,  420 

Clupea  sardinus,  418 

Clupea  sprattus,  table  facing  page  423 

Coccus  axin,  936 

Coccus  cacti,  936 

Coccus  ceriferus,  931 

Coccus  pela,  931 

Colomba  Uvia,  table  facing  page  862 

Crotalus  durissus,  673 

Cydnus  indicus,  489 

Cynoscion  regaUs,  table  facing  page  447 

Cyprinus  carpio,  table  facing  page  423 

Delphinus  globiceps,  466 
DelpMaus  longirostris,  469 
Delphinus  phocoena,  469 

Engraulis   encrasicholus,   table  facing 

page  423 
Equus  cabaUus,  675 

Felis  catus,  table  facing  page  862 
Felis  domestica,  table  facing  page  862 
Pelis  tigiis,  table  facing  page  862 
Pulica  atra,  table  facing  page  862 

Gadus  callarius,  424 
Gadus  carbonarius,  429  ;   table  facing 
page  447 

Gadus  chalcogramus,  table  facing  page 
447 

Gadus  merlangus,  429 ;  table  facing  page 
447 

Gadus  morrhua,  424 
Gadus  virens,  429  ;  table  facing  page  447 
Gallus  domesticus,  table  facing  page  862 
Gasterostorus   trachurns,   table  facing 

page  423 
Grus  cinerea,  table  facing  page  862 
Gulo  borealis,  table  facing  2>age  862 
Gymnonsarda  affmis,  table  facing  page 

423 

Halicoro  australis,  466 
Halicore  indicus,  466 
Hyperoodon  bidena,  870 
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Hyperoodon  diodon,  870 
Hyperoodon  rostratus,  870,  929 

Lamna  comubica,  table  facing  page  447 

Lanina  glauca,  446 

Leptonychotes  Wcddelli,  448 

Lepus  cuniculus,  680 

Lepus  timidus,  678 

Limanda  spec,  423 

Lobodon  carcinophagus,  448 

Lynx  europEeus,  674 

Lytta  vesicatoria,  476 

Macrorinus  angustirostrius,  448 
Macrorinus  leoninus,  448 
Melanogrammus  aeglefinus,  table  facing 
page  447 

Meleagris  gaUopavo,  table  facing  page  862 
Moles  (vulgaris)  taxus,  table  facing  page 
862 

Melipona  caccise,  768 

Melipona  leeviceps,  916 

Mephitis   (putorius)   mesomelas,  table 

facing  page  862 
Merluccius  seglefinus,  429  ;  table  facing 

page  447 

Merluccius  communis,  fable  facing  page 
447 

Merluccius  vulgaris,  429  ;  table  facing 

page  447 
Mola  mola,  table  facing  page  423 
Molva  vulgaris,  429  ;  table  facing  page 

447 

Mustela  martes,  table  facing  page  862 
Mustela  putorius,  table  facing  page  862 
Mustelus  cards,  445 

Myliobates  aquUa,  table  facing  page  447 

Neobalsena  marginata,  454 

Ommatophoca  rossi,  448 
Orthagoriscus  mola,  table  facing  page 
423 

Otaria  stelleri,  453 

Palinurus  vulgaris,  447 
Phoca  caspica,  448 
Phoca  foetida,  448 

Phoca  foetida,  var.  saimensis  Nordk\'ist, 
449 

Phoca  groenlandica,  448 
Phoca  lagura,  448 
Phoca  vittdina,  448 
Phoccena  communis,  471 
Physeter  macrocephalus,  863,  928 


Platanista  gangetica,  467 

PoUachius  virens,  table  facing  page  447 

Poronotus  tricanthus,  table  facing  page 

Pristio  porottetii,  table  facing  naqe  447 
PsyUa  ahii,  934  •'      "  ^ 

Putorius    (communis)    putorius,  table 
facing  page  862 

Raja  clavata  (batis),  table  facing  page 
447 

Ramphobatis  ancylostomus,  table  facing 
page  447 

Rangifer  tarandus,  table  facing  page  862 
Rhachianectes  glauca,  454 

Salmo  salar,  419 
ScyUum  laticeps,  446 
Scymnus  borealis,  440  ;  table  facing  page 
447 

Sphyrna  zygaena,  table  facing  page  447 
Squalus  acanthias,  446 ;    table  facing 
page  HI 

Squalus  borealis,  table  facing  page  447 
Squatina  vulgaris,  table  facing  page  447 
Stegostoma  tigriuum,  table  facing  page 
447 

Stenorhynchus  leptonyx,  448 
Stenotopus  chrysops,  table  facing  page 
447 

Streptrothrix  leproides,  935 

Struthio  camelus,  table  facing  page  862 

Sturnus  vulgaris,  table  facing  page  862 

Tetranarce  occidentahs,  table  facing  page 
447 

Tetrao  urogaUus,  674 
Thalassochelys  corticata,  463 
Thynnus  Schlegeli,  table  facing  page  447 
Thynnus  vulgaris,  table  facing  page  447 
Torpedo  marmorata,  table  facing  page 

423 
Trigona,  915 
Trigona  la3vicej)s,  916 
Trionyx  sinensis,  464 
Trygon  microps,  table  facing  page  447 
Trygon  pastiuaca,  table  facing  page  447 

Urophyces  chuss,  table  facing  page  447 
Urophyces  trenius,  table  facing  page  447 
Ursus  arctos,  table  facing  page  862 
Ursus  maritimus,  673 
Ursus  torquatus,  table  facing  page  862 

Vulpes  vulgaris,  see  Canis  vulpes 
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